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Stupents of heredity, having found abundant evidence 
that the same laws of inheritance apply to plants and ani- 
mals, both wild and domesticated, could not help but look 
at their own species with curious eyes. It was obvious 
that mankind shows great variability within each race— 
as great as that of cultivated plants and domesticated 
animals, and it was soon discovered that some at least of 
the variations conform to familiar types of Mendelian 
heredity. 

Many of the characters, shown by our domestic animals 
and plants, probably arose in prehistoric times, but the 
origin of many others is known. In general, it may be 
said that some of these characters have been obtained by 
crossing related wild varieties to each other, while others 
have arisen independently of crossing. The great major- 
ity of the latter, perhaps all of them, arise as sudden and 
random changes in a localized region of the germ- 
material by mutation, or, as we say, by a change in a 
gene. I shall consider later whether some of the charac- 
ters that are immediately concerned with the welfare of 
the animal—its adaptive characters—may or may not 
have had a still different origin. 

Since we can not be certain which characters in our 
domesticated forms, and in man, have arisen through 
crossing and which have arisen by mutation, it may help 

1 Ninth Mellon Lecture, delivered May 7, 1924, at Pittsburgh, Pennsyl- 


vania, under the auspices of the Society for Biological Research of the 
School of Medicine, University of Pittsburgh. 
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the later discussion if I first describe some of the mutant 
types in one species with which I am most familiar. For 
twelve years the origin of variations in the vinegar fly, 
Drosophila melanogaster, has been observed. Over 400 
new characters have appeared. Since these characters 
are not present in the wild species, and since this fly 
crosses with only one other species, and then gives sterile 
hybrids, it can not be said that the new characters orig- 
inated from crossing to other species. Here, then, we 
have an opportunity to see what kinds of changes may 
arise by mutation in single genes and how they are in- 
herited. From this standpoint we may then proceed to 
compare the results with what we find in domesticated 
forms and in man himself. . 

The new mutant characters of Drosophila suddenly 
appear sometimes in single individuals, sometimes in a 
few individuals, and sometimes (from pair matings) in 
a quarter of the offspring. When single individuals ap- 
pear they are generally males,’ or else the characters are 
dominant; when in larger numbers the individuals do not 
represent the initial mutation that produced them, but 
arise from the germ-cells of two individuals, each of 
which has received from a common ancestor the recessive 
genes in question. 

The numerical results indicate that a new character is 
traceable in all cases to a change that has taken place in 
one of the chromosomes in the germ-track. This is a very 

2 Since the son gets his single X-chromosome from his mother he will at 
once show any recessive character carried by that chromosome. Therefore, 
if a mutation had occurred in one of the maternal chromosomes and had the 
egg that carried the chromosome after maturation been fertilized by a 
Y-bearing sperm (that carries no dominant factors) the mutant gene would 
produce its effect. On the other hand, had this egg been fertilized by an 
X-bearing sperm (whose X carried the normal allelomorph of the postulated 
new gene) the presence of the mutant gene would not be seen in the result- 
ing heterozygous daughters; but when they, in turn, produced offspring, half 
of the males would get the chromosome in question and show the new character. 
If the recessive mutation were not in the X-chromosome but in another one, 
then it could come to expression only when a male and a female, each carry- 
ing one such chromosome, mated. One quarter of the offspring would then 
exhibit the rutant character. 
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interesting feature of the mutation process, and one that 
we have watched with absorbing interest in Drosophila 
for several years. When we recall that in each cell, in- 
cluding those of the germ-track, there are two chromo- 
somes that are identical in the kind of hereditary units 
that they carry, it is extraordinary that the mutant 
change should take place in only one of the two members 
of the chromosome pair.’ It is difficult to imagine how 
any outside influence could have a specific effect on one 
spot of one chromosome without affecting the same 
change in the identical spot in the corresponding chromo- 
some. We know, however, too little of the nature of the 
chemical or physical event involved when a mutation 
occurs to make it worth while at present to do more than 
record the facts. 

We have no reason for supposing that these mutations 
are due to confinement or to any of the special conditions 
connected with confinement. On the contrary, there is 
evidence indicating that in wild species the same kinds of 
mutations are always appearing. It must be supposed, 
therefore, that the germ material is by no means com- 
pletely stable, or rather that it is quite unstable, as we 
would anticipate for such a complicated organic structure 
as protoplasm. 

The 400 characters of Drosophila fall into four linkage 
groups. I mean by this that if certain characters enter 
together from one parent they tend to stay together in 
subsequent generations—not absolutely, it is true, but 
according to definite laws. We explain this on the theory 
that characters are linked when their genes lie in the same 
chromosome. The chromosomes are supposed to be con- 
tinuous from one cell-generation to the next. There are 
four pairs of chromosomes in Drosophila, and there is 


3 The case of the reversion in the eye character, Bar, recently reported on 
by Sturtevant and Morgan, seems to be a unique process of mutation, since 
it occurs only by a crossing-over between the two X-chromosomes of the 
female. Whether some other mutations may also be due to a similar process 
is not known, but since sex-linked mutations also occur in the male Drosoph- 
tla (that has but one X) there is no reason to suppose that all mutations 
owe their origin to crossing-over, 
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both genetic and cytological evidence that each linked 
series of genes is carried by one of these four kinds cf 
chromosomes. Since there are two chromosomes of each 
kind (except in the male that has an XY pair) there are 
two linked sets of genes corresponding to each of the four 
chromosome pairs. 

There are many kinds of characters in each linkage 
group. The first group consists of characters carried by 
the X-chromosomes. These characters include changes 
in the color of the eyes, changes in the wings or legs or 
bristles of the body or the general color of the whole fly. 
Since there are two X-chromosomes in the females that 
carry the genes of these characters, and only one X in 
the male, the inheritance of these sex-linked characters is 
different from that of the characters of the other linkage 
groups. The mate of the X-chromosome in the male, the 
Y-chromosome, is, in a sense, empty, or at least it carries 
no genes like those in the other chromosomes. In Dro- 
sophila, its presence may be ignored, but the X and the Y 
of the male form a pair when the chromosomes conjugate. 
They separate when the sperm matures, and half of the 
spermatozoa carry the X and half the Y. When the 
XX egg matures, one X is left in each egg. If an egg 
is fertilized by an X-bearing sperm a female is produced. 
Hence, half the offspring are females and half males. 
The mechanism gives an equality of the sexes. 

This method of sex regulation is not peculiar to Dro- 
sophila, but is present in many of the insects, and is found 
in several other great groups of animals. In man, also, 
with 48 chromosomes according to Painter, the male is 
XY, and the female XX. It is significant, therefore, to 
find in man several characters that are inherited in the 
same way as are the sex-linked characters in Drosophila. 

The second linkage group of Drosophila also contains 
genes that affect all parts of the animal, the color of the 
eyes, the color of the whole animal, the shape of the wings 
or of the legs or of the hairs. The third linkage group is 
equally large, and we find again changes in all parts 
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of the body as before. The fourth linkage group is a 
small one. At present only four characters have been 
discovered that belong to this group. It has been defi- 
nitely proved that they are carried by the very small 
fourth pair of chromosomes. 

We have been able to trace these characters not only to 
specific chromosomes, but to determine where the genes 
lie within each chromosome. The method of locating the 
genes I need not describe here, but it is important to note 
that the order of the genes bears no relation to the ar- 
rangement of the parts of the body, where they produce 
their most striking effects. 

These mutant characters are inherited, individually, 
according to Mendel’s laws and the extension of those 
laws that have more recently been discovered. The great 
majority of the characters are recessive, a few are domi- 
nant. This distinction is largely arbitrary and appar- 
ently has no real importance. In fact, only by courtesy 
can many characters be said to be dominant or recessive, 
since each gives with the wild type an intermediate char- 
acter which means that both genes have an influence on 
the result. The really important fact connected with this 
question is the separation of the members of each pair of 
genes at the time of maturation of the germ-cells. It has 
been shown beyond any question that this separation 
(segregation) takes place in exactly the same way in a 
hybrid whose character is intermediate as in a hybrid 
that shows more completely the dominance or the reces- 
siveness of a character. 

In most cases a single kind of mutation occurs in the 
same spot (locus) of the chromosome, but as many as ten 
different modifications of the so-called white eye locus of 
Drosophila have been recorded, and several other cases 
of the sort, where multiple allelomorphs have appeared, 
are well known. 

There are certain mutations that express themselves 
only when some other modification is present. These are 
spoken of as specific modifiers. For example, there is a 
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recessive gene, called cream, that produces an effect when 
another mutant character, eosin eye color, is present, but 
it produces no visible effect on the red eye color of the 
normal eye. These specific modifiers do not, however, 
differ in any essential respect from the double effect 
shown by two genes both of which affect the same char- 
acter. Thus the eye color called vermilion is a bright red 
eye. HKosin is a pinkish yellow eye color. The double re- 
cessive eosin vermilion is almost white. Vermilion might 
be said to be a modifier of eosin or eosin might be said 
to be a modifier of vermilion. In principle this is not dif- 
ferent from the effect of cream on eosin, or of eosin on 
cream, except in so far as cream alone does not produce 
any effect on the wild-type eye color. In general it may 
be said that modifying factors play an important réle in 
producing small differences in characters—differences 
that are inherited. So slight are some of these effects 
that the variations produced may not be greater or even 
as great as those fluctuating differences that are due to 
the environment. It often calls for the most refined 
genetic methods to demonstrate whether or not slight 
differences are due to genetic modifying factors or to the 
environment. It is owing to the difficulty of.distinguish- 
ing between these two kinds of effects that so much of the 
earlier work on selection fell into serious error. 

{t is here that the modern study of genetics comes into 
closest contact with the theory of evolution through 
natural selection. This theory postulates that the small 
differences that are shown by different individuals of a 
species furnish the materials on which selection acts. 
To-day we realize that many of these individual differ- 
ences are due to environmental influences affecting the 
developmental stages, and that they are not inherited, 
but we also realize that many of the individual differences 
are due to the presence of genetic modifying factors that 
affect particular parts,,making them more (or less) ex- 
treme than they are in the average individual. Should 
it be an advantage to have a particular part more devel- 
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oped it will be favored by selection, and when this dif- 
ference is due to a genetic modifying factor the modifica- 
tion will be inherited. The discovery that many of these 
quantitative relations are due to modifying genes that are 
inherited in the same way as are the major effects shown 
by extreme mutants is, as I have said, the special con- 
tribution of genetics to the theory of evolution. Perhaps 
the most significant fact that a study of the mutant genes 
of Drosophila has brought to light relates to the manifold 
effects produced by each gene. Since we name the char- 
acter from the most striking effect of the gene, which 
receives the same name, the impression is produced that 
each gene affects only a particular part of the body ina 
particular way. We are apt to forget that the evidence 
shows that, as a rule, many other parts of the body are 
also visibly affected. This involves not only structural 
alteration but physiological effects as well, and even 
types of behavior. For example, the vitality of the organ- 
ism is intimately related to some of the most trifling 
changes in superficial characters, and the productivity 
and fertility of the animal may be very greatly affected 
by mutant changes whose visible effects on the body are 
very slight. Conversely, it is probable that some of the 
genes that are very important in their influence on the 
physiological functions of the body produce side effects 
that show themselves in apparently trifling details of 
structure in the body whose constancy is due to the 
deeper effect of the gene rather than to some of its super- 
ficial by-products. It is quite possible that many of the 
constant features that distinguish species and varieties 
owe their constancy to their connection with deeper-lying 
effects than to their own survival value. This interpreta- 
tion may help to solve a very old paradox, namely, that if 
natural selection has produced species it seems strange 
that the taxonomic differences between species have sel- 
dom a survival value. 

The principal value of the mutant types, from the point 
of view of heredity, is that they furnish us with material 
from which we can arrive at conclusions as to the mecha- 
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nism of heredity. Furthermore, in studying the mode of 
inheritance of a mutant gene, we follow at the same time 
the history of the normal partner of that gene. It makes 
no difference, as far as the hereditary mechanism is con- 
cerned, whether the representative character for a given 
gene is a beneficial or a defective character. It serves 
our purpose as long as it survives under the favorable 
influences of confinement. 

While most new mutant types are failures, so to speak, 
some of them approach very closely in surviving value to 
the wild types, and there may be a very few whose effects 
are beneficial. It is conceivable that a mutation might 
at times appear that was even an advance over the wild 
type, or at least, better adapted to a new situation—one 
that opened out new possibilities. When it is recalled 
that for millions of years those individuals that are best 
adapted to their environment have produced the next 
generation, it is to be expected that the wild type has 
become as nearly fitted to the world in which it lives as is 
possible for this particular organism. Or, to put the mat- 
ter in another way, most of the possible variations have 
already been tried out and rejected as inefficient. The 
result is that most organisms are wonderfully adjusted 
to the world in which they live. The evidence from the 
recurrent mutations of Drosophila suggest that all the 
mutant types that turn up have been brought to the bar 
of selection over and over again and have failed. They 
recur because these are the most frequent changes that 
take place in the germ-material and they will continue to 
recur as long as the constitution of Drosophila remains 
the same as it is to-day, for the continued elimination of 
the recurrent types of defective characters that appear 
as mutants in no way guarantees that they will not re- 
appear over and over again. They represent, so to speak, 
the bills that must be paid for the instability of the type 
of machine that makes each kind of organism as perfect 
as it is, but their recurrence is an extraordinarily rare 
event, and the chance that they contaminate widely the 
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germ material is in general very small. It is easy to ex- 
aggerate the effects of such results. The consequent drag 
may be so slight and be so quickly replaced owing to the 
enormous rate of multiplication of the rest of the in- 
dividuals best fitted to survive, that the occurrence of 
defective mutant types is little more than a passing epi- 
sode in the life of wild species subject to constant strug- 
gle with their environment. To what extent their oc- 
currence may act as a drag when competition is removed, 
as it is to some extent in human society, will be considered ° 
later. 


INHERITANCE OF THE CHARACTERS OF DOMESTICATED 
ANIMALS AND PLANTS 

Plants and animals under domestication show innumer- 
able characters that are inherited in the same ways as 
are those of Drosophila. The new types also behave in 
inheritance towards the original species in the same way 
as do the mutants of Drosophila toward the wild fly. It 
seems reasonable, therefore, to assume that these char- 
acters have also arisen by gene mutations. For example, 
the several recessive colors of sweet peas behave toward 
the wild type pea in the same way as do the mutant re- 
“eessive types of Drosophila towards the wild type. The 
recessive colors of fancy rats and mice and guinea pigs 
behave as recessive to the wild gray animals. The pea 
and rose combs of fowls are dominant to the single comb 
of the wild jungle fowl. Some domestic types give inter- 
mediates when bred to wild types. There are also mul- 
tiple allelomorphic genes in mice, rats, rabbits and in 
silkworms. There are modifying factors that affect the 
ear-length of the rabbit, the size of the corn cob, and the 
spotting of mice and of rats. There are sex-linked char- 
acters in fowls, and in fish, and in silkworms. Linkage, 
other than sex linkage, is also known for a number of 
domesticated forms, both plants and animals. 

Thus animals and plants under domestication duplicate 
practically every kind of inheritance shown by the mutant 
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genes of Drosophila. No one familiar with this evidence 
is, I think, likely to doubt that we are dealing to a large 
extent, at least, with the same situation in poth cases. 


HuMAN INHERITANCE 


When we turn to human variations we find characters 
that follow the same laws of inheritance; for example, 
blue eye color is a simple recessive to brown eye color. 
Albinism is recessive to pigmented skin. It is true we 
do not know in man what characters represent the ‘‘ wild’”’ 
or original type, but it is a fair presumption that primi- 
tive man did not have blue eyes, nor was he an albino. 

The short-fingered or brachydactyl type of hand and 
foot is an excellent example of a dominant mutant type 
in man. Whether the different shades of brown hair 
color represent a series of allelomorphic genes, as has 
been suggested, but on quite inadequate evidence, or 
whether the different shades are mainly due to modifying 
factors, we do not know. Either interpretation may cover 
the facts. Similarly, for skin color, we have only guesses 
as to how many factor differences there are between the 
black skin of the negro and that of the white man. While 
it seems probable that these differences behave as do 
mutant characters in heredity, there is no proof at pres- 
ent as to how many factors are involved. Perhaps a 
negative statement may more nearly express our imper- 
fect information on this question, namely, that there is 
nothing known at present to show that the inheritance 
of these pigments is not due to several Mendelian factors. 
Whether the negro has acquired a deeper color than his 
ancestors, and the white man has lost some of the color, 
and, if so, whether these gains and losses of color involve 
the same pairs of genes or quite different ones, we can 
not even surmise from what has been published. 

There are three types of human inheritance that show 
clearly sex-linked inheritance, namely, color blindness, 
haemophilia and night blindness. Their inheritance is 
explained on the theory that a recessive factor is carried 
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by the X-chromosome, and there is cytological evidence 
that man belongs to the XX-XY type. It is true we 
know very little about the various types or degrees of 
color blindness (and of bleeders also), but for certain 
types at least the facts suffice. 

That height in man is due in large part to hereditary 
elements is highly probable, but how many factors are 
concerned we can scarcely guess. Growth, as well as 
some other human characters, is affected by endocrine 
secretions of several glands. One of the direct functions 
of some of these glands is concerned in the postnatal 
growth of the individual, but this does not mean that the 
degree of functioning of these glands is not a heritable 
factor. On the contrary, it seems quite probable that the 
time of development and the rate of secretion may depend 
on such factors. If so, they are just as much genetic fac- 
tors of growth as though they produced their effects in 
every cell of the body, rather than through the activity of 
a particular set of cells. In fact, there is nothing in the 
theory of heredity, as understood to-day, that precludes 
the possibility that the effects of some of the genes are 
produced on certain parts of the body through internal 
secretions made in other parts. 

At present there are no cases of linkage known in man, 
despite the many pedigrees showing that certain charac- 
ters are inherited. The large number of chromosomes in 
man decreases the chance that two or more genes lie in 
the same chromosome, but our failure to detect linkings 
may be also due to the very limited extent to which two 
or more characters have been studied in the same cross, 
for only in this way can linkage be detected. 

From the evidence relating to the inheritance of char- 
acters in man, it appears that many mutant characters 
have here and there established themselves in the germi- 
nal material, and their reappearance from time to time 
is probably nearly always due to the mating of two in- 
dividuals that carry recessive genes. The many human 
pedigrees of defective strains that we possess leave 
hardly any doubt on this point. 
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How frequently new mutants appear in man we do not 
know. If the human germ-material behaves in the same 
way as does that of Drosophila (and of other types) we 
may expect not only recurrence of known types by origi- 
nal mutation, but also the appearance of new types. 

The survey of any list of known or partly known cases 
of human inheritance is likely to give the impression that 
variation by mutation leads only to the appearance of 
malformations, and pathological effects of the most 
varied kinds. I have pointed out that Drosophila mutant 
types present the same picture. It may be well, there- 
fore, to pause here for a moment and look a little further 
into the situation. 

The great majority of mutant types of Drosophila that 
have appeared could never establish themselves outside 
the laboratory under present conditions. If turned loose, 
they would be unable to survive, except for a short time. 
If one or another of them were crossed to a wild fly, its 
gene, if recessive, might to some extent infect the race 
and be carried along for several generations beneath the 
surface, so to speak. The character would reappear in 
its original form if two individuals carrying the gene met 
and mated, but the chance is very great that sooner or 
later the mutant gene would disappear from the germ 
material, because whenever it comes to expression it is 
discriminated against. It is only under the favorable 
conditions of confinement, and the absence even there of 
competition, that these mutants can perpetuate them- 
selves. 


THe ORIGIN OF VARIATION THROUGH VARIETAL AND 
Ractrau Crossine 


Within each species there often exist smaller groups of 
individuals known as varieties or races. These fre- 
quently occupy different regions. The differences that 
distinguish them are often trivial, but these may be, in 
part, only by-products of genes whose main effects are 
less obvious to the eye but important for the life of the 
species. So far as this holds, it may be said that each 
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variety or race has accumulated special characters of its 
own. Two such varieties may differ then in each possess- 
ing slightly different adaptive characters that show su- 
perficial correlated differences. 

Since varieties can usually be crossed, and produce as 
a rule fertile offspring, it is possible by combining them 
to bring together in later generations every special fea- 
ture that each may possess, but it is unsafe to assume, 
offhand, that, because each of two races possesses certain 
desirable traits, those traits brought together will give a 
double advantage. That they may be combined when they 
follow Mendel’s laws is always probable; that when com- 
bined they will reinforee each other may be true, or may 
not be true; because the advantage of each may be due 
to other indirect or involved effects that make them ad- 
vantageous when alone and not when combined. In such 
matters it is very unsafe to draw conclusions from insuffi- 
cient experience. 

There is another variation introduced by racial crosses 
that may be very important, namely, the question of fer- 
tility. It is generally believed by breeders of domesti- 
cated animals that inbreeding leads to sterility. That 
this happens at times appears to be the case from the 
evidence at hand, but that it is due to inbreeding per se 
is probably not true, because it has been shown for rats, 
mice and guinea pigs and flies that close inbreeding does 
not lead to a reduction in productivity, if, in each gen- 
eration, the more productive lines are selected for propa- 
gation. On the other hand, when the breeder selects his 
stock for characters that have no relation to productivity, 
or worse still for characters that in themselves lower the 
productivity, there is a good chance that sterility may 
appear to a greater or less degree. If man is as mixed 
racially as the historical evidence seems to indicate, there 
is little danger that his productivity will be lowered by 
breeding within the races as they exist at present. The 
lowered birth-rate, shown by certain classes within the 
community, appears not to be the result of infertility but 
to environmental, prudential or economic factors. 
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There is another question that comes in here. Is it 
more advantageous to breed for variability or for uni- 
formity? This question contains so many possibilities 
where man is concerned that a discussion of it would 
lead us far afield, but it involves a problem that is very 
important in any plans that propose to direct the future 
course of human evolution, and has been scarcely touched 
upon by those who discuss the question of human breed- 
ing. 

As has been stated, some of the variations of domestic 
types are believed to owe their origin to the union of 
several wild varieties or races, for there are a few cases 
on record where such crosses have been made and great 
variability introduced into the later generations. When- 
ever such crosses do not involve so many differences that 
we can not trace them, we find a recombination of char- 
acters of the two crossed types. It follows, then, that 
while new combinations can be obtained in this way—by 
crossing wild varieties—there is nothing new in prin- 
ciple involved. Plants lend themselves more readily to 
varietal crossing than do animals, and a great many 
combinations have been made. In a number of plants, 
where the visible differences between the varieties have 
been carefully followed, they show Mendelian inheritance. 
In animals also there are similar records, in butterflies, 
moths, locusts, snails, fish, amphibia, birds, mammals. 
The combined evidence from all these sources indicates, 
if it does not prove, that the same laws of inheritance 
prevail that are found between mutant races. The con- 
clusion may be expressed more accurately in a negative 
form as follows: There is nothing known in regard to the 
inheritance of characters that distinguish wild varieties 
from each other to indicate that they are inherited differ- 
ently from the characters that arise by mutation.‘ 

The human species presents a great number of groups 
that a zoologist would rank as varieties, although, owing 

4 The question of interspecific sterility and that of the sterility of hybrids 


between species is intentionally omitted here, and the discussion limited to 
varietal crosses that produce fertile offspring. 
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to extensive migration of races within comparatively re- 
cent periods, the varieties are as a rule extremely mixed 
within each race. It is difficult to determine how far the 
variations that we observe are due to recombinations of 
characters that have arisen within each race and been 
brought together subsequently and how far the variations 
_are due to mutations that have appeared within such 
mixed races. It seems highly probable that both proc- 
esses have taken place. In a very general way it might 
be said that some of the defective types have probably 
arisen by recent processes of mutation, while some of the 
advantageous characters may have arisen through racial 
crosses. At the same time defective characters may 
equally well arise through racial crosses and advan- 
tageous characters by recent mutation. From a prac- 
tical point of view these distinctions are, or may be, very 
important for any particular group of individuals, but 
from a theoretical point of view it is a matter of secon- 
dary interest whether the useful characters have arisen 
within the race where they are found or whether they 
have been introduced by crossing with other races already 
possessing them. 

There is a further question relating to the study of in- 
heritance of human characteristics that is not always 
clearly understood. We should expect, if all the various 
characteristics that we observe were inherited as simple 
Mendelian differences, that there would be evidence of it 
on all sides, even although we have seldom more than 
two or three generations under observation, and even 
although many of the combinations are not those that a 
geneticist would recommend. On the other hand, we find 
that it is the rare and extreme variations, often defective 
ones, that show, in man, most clearly Mendelian differ- 
ences. Now the question that any one familiar with the 
situation will ask himself is, why is the inheritance of 
familiar, everyday characters not so obvious as is the 
inheritance of these rare anomalies? I think we can give, 
in large part, an answer to this question. The inheritance 
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of the anomalies is more apparent because they depend 
on single differences that have newly arisen and that are 
sharply defined, so that an individual that possesses them 
is distinctly marked off from all the other individuals of 
the race, while the commoner individual differences are 
generally complexes of characters—multiple factor cases, 
as we say—whose elements are unknown to us. Under 
these circumstances their study is very difficult, and will 
take much time and attention. One is tempted to think 
that many of these individual differences have arisen by 
racial crosses which have brought together large numbers 
of characters that have arisen independently, and while 
I think that this may very well be true in many eases, it 
is unsafe to refer all difficulties to this source, since within 
each race multiple factor differences are also known to 
exist. So, until these complexes can be sorted out into 
their Mendelian elements, they may well be left to the 
biometricians who have devised special methods for the 
study of such mass phenomena. 

Of course there also enter into the situation the effects 
of the environment that no doubt play the same réle in 
the development of human characteristics as in the char- 
acters of domesticated and wild animals and plants, but, 
as Galton long ago pointed out, the close similarity be- 
tween identical twins furnishes evidence that nature 
(heredity) plays a far more important role than nurture 
(environment). 


Do Att HERITABLE VARIATIONS ARISE BY MUTATION 
oF GENES? 


The evidence that we have so far considered postulates 
that the hereditary elements, the genes, arise as random 
alterations in the germinal material. It further appears 
that the great majority of these mutations do not give 
rise to characters that are beneficial to the organism. 
Nevertheless, it is assumed that at times a mutation may 
appear that happens to be of a kind that is beneficial in 
the sense that it better adjusts the animal or plant to its 


No. 658] HUMAN INHERITANCE 401 


old or to a new environment. Such a variation would be 
an adaptive one. From this point of view there is no 
relation between the origin of adaptive variations and the 
adjustment that follows. This account of evolution— 
which is the explanation offered by the theory of natural 
selection—seems to be unsatisfying to certain kinds of 
mind that seek for more intimate relation between the 
origin of new variations and the use to which they are to 
be put. Perhaps it is not going too far to say that these 
thinkers would like to believe that adaptive variations 
must from their beginning be, in some sense, purposeful, 
or at least that there must be some direct connection be- 
tween the origin of an adaptation and its future use. 
Bergson’s creative evolution is the best example of the 
consistent application of such a view to living things; for, 
Bergson begins with the outright assumption that living 
matter responds adaptively to new situations as they 
arise. The biological fact that many responses are in- 
jurious is ignored, or by a subtle argument is ascribed to 
a material obstruction to the creative spirit (élan vital). 
To the biologist the problem is one whose solution de- 
pends on the kind of critical evidence that can be found in 
its favor or opposed to it, and is not one to be settled a 
priort or by the introspective method. 

A less mystical explanation of the origin of adaptation 
in animals is generally known today as Lamarckianism, 
although Lamarck only presented a systematized body of 
speculations relating to a widespread myth prevalent in 
the folk-lore of all peoples both past and present. Ac- 
cording to this tradition any change in the body may 
reappear in the offspring. That this sort of transmission 
is possible was naively taken for granted. Darwin, in 
his hypothesis of pangenesis, made an attempt to give a 
materialistic interpretation as to the way the somatic 
change reaches the germ-cells. To-day, with more in- 
formation concerning the relation of the germ-cells to 
the parent and also concerning Mendelian inheritance, 
the gap between the body and the germ-cells has widened 
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until at present the earlier speculations seem in flat con- 
tradiction to the most critical evidence that exists. 

Nevertheless, since the time of Lamarck the theory of 
the inheritance of acquired characters has never been 
without a champion. Even to-day the transmission of 
acquired characters is widely believed in by the populace 
at large and by those who are not informed as to the 
present nature of the evidence on which such views rest. 
It is also looked upon sympathetically by a small number 
of scientific men whose specialties lie in historical fields 
of research. There are also a few other scientific men 
who are devoting themselves to the study of the pos- 
sibilities of the transmission of somatic and environmen- - 
tal effects on the germ-cells. These men fall into two 
groups, first, those who have chosen their materials of 
such a kind that they do not lend themselves to quantita- 
tive methods, hence there enters into their conclusions a 
large personal equation; and, second, those who have ful- 
filled, as far as possible, the requirements called for in 
the study of such problems. It is, therefore, not without 
interest to note that while the former workers vehemently 
advocate the theory of the inheritance of acquired char- 
acters, the latter have brought forward evidence that 
opens up the possibility of a very different interpreta- 
tion. It is to the results of the latter that we may now 
turn.° 

Guyer found that if the lens of the eye of rabbits is 
ground up and injected into fowls, and if later the blood 
of the fowls is injected into a pregnant rabbit the eyes 
of the young rabbits when they are born may be defective. 
He suggested that the rabbit’s lens has produced an anti- 
body in the blood of the fowl and this in turn affects the 
developing young of the rabbit that received the injection 
of fowl’s blood. He records that some of the later off- 
spring from the first young with defective eyes also 
showed eye defects. Now if these results are not merely 
coincidences, the most plausible explanation is that the 


5 No attempt is made here to review all the evidence. The cases given are 
chosen only for the purpose of illustration. 
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germ cells of the uterine rabbits were also affected or in- 
jured by the injected fowl’s blood. Several considera- 
tions seem to support such an interpretation. First, the 
specific nature of the result is illusory, for a closer read- 
ing of the evidence shows that the eyes of the later gen- 
erations are affected in all sorts of ways. In other words 
the experiment was ostensibly carried out because of the 
specific nature of reaction of lens substance, but the _re- 
sult shows that all kinds of eye defects were produced or 
at least appeared.® Second, it is known that many en- 
vironmental changes that affect injuriously the course of 
normal development of vertebrate embryos are apt to 
produce eye defects. These are not supposed to be spe- 
cific effects, but rather that the eye development is more 
easily injured than almost any part of the embryo; for 
eye defects have been produced in guinea pigs by the in- 
jection of naphthaline, and these defects seem to be 
similar in a general way to those described by Guyer in 
his rabbits and by Stockard in his alcoholic rats. Here 
there can be no question of a specific reaction. 

Stockard carried out a prolonged series of experiments 
on the effects of alcohol on guinea pigs. The guinea pigs 
were treated by placing them in closed tanks over strong 
aleohol. They breathed the air saturated with alcohol, 
and after a few hours became completely stupefied. The 
treatment was carried over several years. Some of the 
guinea pigs were bred while undergoing treatment, 
others only at the end of the treatment. The results were 
essentially the same. Many young were aborted or ab- 
sorbed, others were born dead, others showed abnormali- 
ties, especially in the nervous system and eyes. Only 
those that themselves showed no defects could be bred. 
From these, abnormal young continued to appear along 
with other individuals normal in appearance. In later 
generations abnormals continued to appear but only from 
certain individuals. 


6 It has not been shown that these were secondary effects resulting from a 
defect in the lens. 
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If we examine the pedigrees of the alcoholic series 
there is no evidence that the results conform to any of 
the known Mendelian ratios. Moreover, the varied local- 
ization of the effects shown by the abnormals is not of a 
kind that resembles what we meet with when single gene- 
changes are involved. On the other hand they have many 
points of resemblance with the kind of changes that we 
are familiar with in experimental embryology when ab- 
normal development is brought about by treating eggs 
with toxic agents. Stockard has called attention to these 
relations, and interprets his result to mean that an injury 
of some sort to the germ-cells has been produced by the 
alecohol—an injury to some part of the machinery that is 
involved in heredity. The effects are localized only in so 
far as that they pertain to those parts of the body that are 
most sensitive to any departure from the normal course 
of development. These parts are most frequently the 
nervous system and the sense organs. 

More recently Bagg has carried out a series of experi- 
ments on the effects of radium on pregnant mice and rats. 
When the dosage is properly administered, the young 
mice in utero may develop abnormally. When examined 
before birth many of them show hemorrhagic areas in 
the brain and cord, or elsewhere (especially in the leg 
rudiments). Some of these embryos die before parturi- 
tion, and are absorbed, others are aborted. Still others 
are born alive and some of these survive and many 
procreate. The offspring often show serious defects in 
the brain or in the appendages. One or both eyes may be 
defective. Both eyes may be absent, or one only may be 
absent, much reduced in size. Bagg has bred some of 
these mice and finds that they produce many abnormal 
offspring that show defects similar, in a general way, 
to those induced directly in the original embryos. 

How shall we interpret these experiments? Has the 
radium first produced its effects on the brain of the de- 
veloping embryo causing defects, and is it owing to the 
presence of these defects that the germ-cells of the same 
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embryo become affected? There is an apparent objection 
to this interpretation. We should expect when the brain 
alone is affected, the next generation should show brain 
defects; when the eye is the principal organ affected, the 
next generation should show only eye defects. So far as 
reported the results are not like this, for a mouse with 
abnormal brain and full-sized eye may produce offspring 
that have defective eyes. In other words, there is not 
here a specific effect, but a general one. 

The other interpretation is that the germ-cells of the 
young mouse in utero are affected by the radium. When, 
in turn, these germ-cells produce a new generation the 
individuals are defective because the same organs whose 
normal development was most disturbed are the organs 
that are most easily affected by any alteration in the 
course of development. They are, in a word, the weakest 
or most delicately balanced phases of development, and 
therefore the first ones to show the effect of any depar- 
ture from the normal course of events. This is, I think, 
at present the most plausible explanation. 

It has been intimated that those reagents or conditions 
that bring about a modification in an organ of the body 
may also affect the gene or genes in the germ cells that 
are responsible for the development of this organ. A 
new term begins to be heard to express this imagined 
relation, namely, somatic induction. I can not now stop 
to discuss the relation here implied, but I can at least 
point out that such a view often rests on an entirely 
erroneous conception of the relation of character and 
gene, for the character is not the product of any one gene, 
but of all the genes that affect that part. This interpreta- 
tion is far removed from the one implied in somatic in- 
duction that savors of the old ideas of Weismann con- 
cerning determinants and characters. Even if it turns 
out to be true that the change in one gene, that leads to a 
definite change in some peculiarity of an organ that has 
developed under the influence of that kind of gene, is a 
specific chemical change, there are at present no grounds 
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for the assumption that the chemistry in the two cases is 
the same. On the contrary in the light of the present evi- 
dence it would be most extraordinary if such were the 
case. 


SoctaL AND Economic INHERITANCE IN CONTRAST TO 
BrioLoGcicaL [INHERITANCE 


While there appears to be no sufficient evidence that 
justifies us in accepting the theory of the inheritance of 
acquired characters, sensu strictu, either for animals 
or for man, there is another factor in human progress 
that plays an enormously important role in man’s life 
and progress. I mean his social and economic inheri- 
tance. Here the acquired experience, as well as the prod- 
ucts of the experience (property, machinery, customs, 
myths) are transmitted from one generation to the next 
and are inherited by the latter. In this respect man has — 
reversed the old order of nature. He may not inherit the 
bodily or the mental characters that his parents have 
acquired through training, but in another way he inherits 
the results of their experience. Owing to his possession 
of a wonderful memory, of his acquisition of speech, and 
then of the art of writing and printing, and last but not 
least his power of learning which his prolonged childhood 
enables him to endure, accompanied by an overlapping of 
generations, he is able to endow each successive genera- 
tion with the aequirements of the preceding ones. Man’s 
rapid social evolution, cutting ruthlessly across the slow 
course of his physical evolution, may at times lead to con- 
flicts between the two processes. So great and rapid has 
been the effect of his economic and social success, it has 
appeared to a few observers that his physical evolution 
has come to a standstill. I do not share this opinion. It 
is an interesting question, nevertheless, to what extent 
the social evolution of man has affected his biological 
evolution. 

If we take the long view we will see, I think, that while 
man’s social evolution has come here and there into con- 
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flict with this physical and mental evolution, yet the im- 
portance of the latter is not set aside, but continues to 
pursue its slow but sure course. A few imaginary situa- 
tions will serve to give some idea of the contrasts I have 
in mind. If as a result of religious conviction most men 
went into monasteries and most women into nunneries, 
the progress of the race might be set back for some time, 
provided these were the individuals best suited to bring 
about the progress of the race in a biological sense. It 
might be argued, of course, that the very fact that these 
individuals reacted in this way is in itself evidence that 
they were not suited to continue the race; but the argu- 
ment is dangerous since the same individuals might 
equally well, under a different influence, be those to re- 
spond to another more generous conviction that greatly 
benefited the progress of the race. However this may be, 
there is in the former possibility an obvious conflict be- 
tween social and biological evolution. 

To take a less extreme case no one will dispute, I sup- 
pose, the statement that if in any country a particular 
caste or class does not reproduce its numbers in each 
generation, it will disappear by a process of natural selec- 
tion. But if thereby the intellectual or creative produc- 
tivity of such individuals were increased the results might 
be beneficial to all the rest of the race. Those nations 
that profited by this specialization, that inherited, so to 
speak, some of the benefits accruing from the activity of 
this postulated semi-sterile class, might be expected to 
advance more rapidly, other things being equal. The loss 
of a few breeders might be more than compensated for 
by the gains resulting from their release from the burdens 
of propagation. How far inter-racial competition is or 
may be affected by specialization of this sort no one, I 
suppose, will pretend to state. Let it not be inferred, 
however, that those social classes that do not reproduce 
their quota of offspring do so always from altruistic mo- 
tives, or that they make increased returns in other direc- 
tions, but this affects the results only indirectly. The 
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point at issue is whether on the average there is a com- 
pensating gain for the failure to breed. This is a problem 
for the economist. 

As the population increases and as means of trans- 
portation develop, the opportunity for the spread of con- 
tagious diseases is greatly increased. The resistant in- 
dividual survives, the non-resistant dies. This is natural 
selection in the biological sense. But suppose with mod- 
ern sanitation we remove the cause of the disease, as has 
been done for small pox, for malaria and for yellow fever. 
Has natural selection come to an end in this respect? 
Obviously yes, since for those particular diseases there 
would no longer be any need for biological adjustment; 
the disease having been removed. Henceforth susceptible 
and non-susceptible persons are on the same footing. It 
is a distinct gain to the race to acquire its immunity by 
elimination of the disease, rather than by the elimination 
of human beings. Biological selection here has ceased to_ 
have a selective value for this particular disease because 
the disease has gone, but those races that are advanced 
sufficiently to discover and put into force the regulations 
that eliminate the contagion, are benefited, in comparison 
with those races that do not act in this way. This is not 
the abrogation of natural selection, but rather the process 
raised to a higher sphere. 


I have attempted in a general way to go over some 
of the aspects of human inheritance in the light of recent 
work in genetics. In the case of man, I have pointed out 
that we use the word inheritance in a double sense. Ina 
biological sense it means one thing, in a social sense it 
means something quite different. While these two 
aspects of human heredity have seldom been confused by 
those writing on the subject, nevertheless, I can not but 
think that our familiarity with the process of social in- 
heritance is responsible,:in part, for a widespread inclina- 
tion to accept uncritically every claim that is advanced as 
furnishing evidence that bodily and mental changes are 
also transmitted. 
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I have also pointed out how social progress may at 
times make conditions more favorable for biological evo- 
lution, and at other times retard it. To study the inter- 
action of these two influences on human progress, to bring 
them into accord so far as possible, is one of the most 
interesting and difficult problems ahead of us. The 
geneticist alone can not hope to solve such a complex 
problem. The psychologist and the physiologist and the 
pathologist are needed, especially in the diagnosis of 
those characters that belong properly in their special 
fields. The failure of critical diagnosis accounts in large 
part for the disrepute into which some of the work on 
human mental traits has fallen. Students of human be- 
havior and anthropologists also will no doubt have some- 
thing to contribute. Economists and statisticians will be 
needed ; for at present, there are, in man, many inherited 
characters that furnish only raw data. I do not suggest 
that these experts form a committee to formulate a pro- 
gram. I only mean that competent specialists are needed 
in each of these fields to push forward scientific investi- 
gation—since other methods have signally failed—and 
that they keep an eye on what is being done in other fields. 
The outlook at present is encouraging. Men have awak- 
ened to the fact that a scientific study of human progress 
is possible. I believe that they will not much longer leave 
their problems in the hands of amateurs and alarmists, 
whose stock in trade is to gain notoriety by an appeal to 
human fears and prejudices—an appeal to the worst and 
not to the best sides of our nature. 


ANY HEREDITARY CHARACTER AND THE 
KINDS OF THINGS WE NEED TO 
KNOW ABOUT IT 


DR. OSCAR RIDDLE 
CARNEGIE STATION FOR EXPERIMENTAL EVOLUTION 


No oné seems ever to have written the results of a serious 
inquiry as to which are the distinctly different kinds of 
knowledge that will be required for the adequate compre- 
hension of a (any) hereditary character. It is possible 
that studies in heredity have lost and now lose something 
of perspective and of balance by the absence of some sort 
of gauge against which actual accomplishment in this 
subject can be measured against the total necessary ac- 
complishment. The older and more inclusive science of 
biology has made far more definite and helpful classifica- 
tions of its constituent aspects—as applied to organisms 
and to groups of organisms—than has heredity. These 
divisions or aspects of biological science—comparative 
‘dnatomy, systematics, biochemistry, paleontology, be- 
havior, embryology, evolution, pathology, ecology, micro- 
anatomy, physiology and distribution—are at once frank 
recognitions of the kinds of knowledge necessary to a 
comprehension of the organism, and of the limited scope 
and value of any single type of information. . Heredity, 
or evolution, like biology as a whole, possesses an integ- 
rity which upon examination immediately dissolves into 
diversity. It is a crystal of many facies. The first pur- 
pose here is to attempt the identification of the radically 
diverse aspects presented by any single hereditary char- 
acter. This attempt is the more opportune because some 
recent developments in sex studies now make it fairly 
clear that one or two new or hitherto imperfectly con- 
ceived aspects of a hereditary character can be identified 
as distinct and utilizable aspects of any hereditary char- 
acter. 
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In addition to matters of theory, investigations current 
in heredity are confronted by a condition. The onrush 
of data and facts now proceeding from the world’s lab- 
oratories of genetics would seem to bring assurance that 
the province of heredity and evolution will soon be cov- 
ered with a body of precise and definitive knowledge— 
quite sufficient perhaps to satisfy the accumulated curi- 
osity of two generations for broad and positive knowl- 
edge in this field. May a worker within this group, which 
conceives its work to be the study of ‘‘heredity and evo- 
lution,’’ without seeming too ungracious, raise a question 
as to whether our wealth of published contributions—and 
the investigations we are pursuing, directing or encour- 
aging—really covers the required and now accessible 
range of information on heredity and evolution? Are we, 
as individual builders of a house of science, assured that 
our work is upon all its walls and foundations? Is it pos- 
sible that it is rather a slender tower than a symmetrical 
home that engages our very effective efforts? Is this 
possibility at all worth considering? Does the sweeping 
cloud of data, great in volume but limited in kind, at all 
affect our vision of other important but missing kinds of 
facts? Do our enormous local successes mean a general 
advance all along the line? In connection with a principal 
purpose stated above it has seemed obligatory seriously 
to examine, however briefly, the point involved in these 
questions. 

No one will momentarily doubt the great value or the 
gratifying volume of knowledge now being obtained in 
that part of the field of heredity known as genetics 
(breeding and cytology). This is all entirely obvious; 
and, in a statement condensed to the point of running 
other risks of misunderstanding, the writer trusts he may 
omit any review of actual accomplishment in this field 
without subjecting himself to the charge of either over- 
looking or of being unaware of its invaluable contribu- 
tions. In-general, this discussion is to emphasize limita- 
tions rather than accomplishment. Examination of our 
first point involves an estimate as to how far the data of 
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genetics include a real or a complete knowledge of hered- 
ity and evolution. Besides dealing with the limitations 
inherent in the types of information now rapidly accumu- 
lating, it will be necessary to characterize and to consider 
specifically each of the additional kinds of information 
necessary to an adequate understanding of any heredi- 
tary character. 

The conception presented here also involves the propo- 
sition that our knowledge of heredity and evolution will 
become essentially complete when we shall have learned 
all the necessary kinds of facts about one, any one, hered- 
itary character; but that an infinite number of facts of 
the few (practically only two) kinds now being actively 
and most successfully gathered, can never give us more 
than an unfinished fragment of the knowledge necessary 
to a comprehension either of evolution or of any heredi- 
tary character. 

The following diagram lists these wholly distinct, and 
now identifiable, aspects of any hereditary character: 


Any Hereditary Character 


d e 


a 
Origin Complete Foundation Mechanism of Intimate Control or 
ontogeny and distribution nature  transformability 
localization in gametes in ontogeny (and 
in gametes and zygotes phylogeny) 


and zygotes 


It may be well to state clearly and at once that some 
facts drawn from many or all branches of biological sci- 
ence, as well as from other sciences, will have to be util- 
ized in obtaining the requisite knowledge concerning any 
one of these six aspects of any one hereditary character. 
For example, physics, chemistry and most or all of the 
groups of biological science mentioned in an initial para- 
graph may be involved in what is required for a complete 
knowledge of the origin or the complete ontogeny of a 
character. But the entire body of knowledge of any one 
of those science groups would probably not be involved 
in supplying the required information on the origin of all 
hereditary characteristics, and this requirement would 
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be enormously reduced if applied to the case of any one 
such character. Certain parts of various branches of sci- 
ence may thus later become a part of tiie subject of hered- 
ity in precisely the same way as a part of cytology has 
already become a part of genetics. 

It should also be made clear that we neither mean to 
state nor to imply that only c and d of the above classi- 
fication are now receiving any attention by geneticists. 
The point raised here is that these aspects only are re- 
ceiving anything approaching the share of active work 
which other aspects of heredity should now receive. Most 
geneticists were biologists before they became geneti- 
cists; many workers have realized the need of one or more 
additional kinds of information concerning the charac- 
ters with which they work, and to one or another extent 
they have sought to supply some parts of this information 
for their own material. In large measure it is in conse- 
quence of those efforts that it now seems desirable and 
practicable to inquire specifically into which are the dis- 
tinct kinds of knowledge really required for the compre- 
hension of a character. This gathering of scattered and 
unrelated bits of such information among many charac- 
ters has rendered a further service in that it now enables 
us more clearly to see the great importance of having all 
the necessary information gathered for some one—any 
one—character. 


ORIGIN 


Our classification or diagram gives first place to the 
origin of hereditary characters and factors. Under origin 
is of course ultimately implied: Demonstration of occur- 
rence, with data capable of distinguishing the patholog- 
ical or abnormal from that of constructive and evolution- 
ary value. Changes of pathologic or abnormal origin can 
certainly be inherited, but they have a quite doubtful 
status in creative evolution. Such changes, though hered- 
itary, may very little resemble the actual ‘‘origin’”’ of 
characters. Cause, with the few or several sequences in- 
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volved. Method, with the types of functional and struc- 
tural changes concerned in the rearrangements of matter 
and energy. Place, with reference to other hereditary 
units and to the organism. It does not yet seem entirely 
beyond question that all characters ultimately of evolu- 
tionary value arise first in germinal tissue. Time, spe- 
cific for individual case (or, much less important, his- 
toric appearance). It is clear that the attainment of com- 
plete knowledge here will be a difficult matter. 

All will grant the great theoretic importance and need 
of this kind of information concerning any specific char- 
acter. It seems to be true, however, that our definite 
knowledge dealing with what is certainly the origin of 
characters of evolutionary value is still essentially lim- 
ited to evidence for the relative time and order of the 
appearance of a number of these in evolutional history— 
a minor contribution to this problem by paleontology and 
comparative anatomy. In addition, it is possible, but by 
no means certain, that we already have from current in- 
vestigation in genetics some—though only a part—of the 
highly important facts that should sometime be found 
for the origin of characters as they arise in evolution. 
Some investigators in genetics have urged that certain 
types of mutation, and still other cases involving ob- 
served chromosomal rearrangement, have a right to be 
considered as actual origins of such new characters. But 
many or most biologists, including some geneticists, are 
quite unwilling to concede that proposition. There are 
weighty objections to considering either hereditary losses 
or gains following losses within a species as origins of 
things really involved in evolution. For present purposes 
it can be said that even if these cases be granted the sta- 
tus of such origins the amount of knowledge they bring 
concerning their origin, though of very great importance, 
is notably incomplete. We may perhaps well doubt that 
any line of investigation now in use will give us the in- 
formation we most seek edncerning the origin of any spe- 
cific character. It is quite possible that the required in- 
formation—if attainable at all—awaits the development 
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of essentially new avenues of approaching the problem 
of heredity; or probably of these combined with present 
methods of genetic study. The very special theoretic and 
practical importance of this deficiency in our knowledge 
may well give us composure while viewing contemporary 
triumphs in other related aspects of the study of heredity. 


CoMPLETE ONTOGENY 


A second type of information (b) we have character- 
ized as the complete ontogeny of a character. The requi- 
site data here involve knowledge of each step of the 
action of the hereditary factor toward the differentiation 
of the corresponding hereditary character. Concerning 
this immensity, stretching from and preceding the quies- 
cent gamete through embryonic stages to the finished—if 
ever finished—adult character, we now have only scat- 
tered traces of information. More regrettable still, no- 
where may one find a considered program for bringing 
into existence this type of information for any hereditary 
character. Many items of such information have indeed 
been obtained, in a few cases as a real part of a genetic 
study, but largely as by-products of studies in embryol- 
ogy, biochemistry and chemical pathology. Most of even 
these few items can not be said actually to have been in- 
corporated into the science of heredity. 

It is perhaps well to cite a specific case in order to 
make clear our meaning and to attest the present practi- 
cability of such studies. In the complete ontogeny of a 
character its form-expression in the embryonic series is 
perhaps incidental or quite negligible in the case of most 
hereditary characters; in a few of them it is probably of 
real importance. The most necessary data in work of this 
type will usually involve chemical aspects of ontogeny. 
In illustration one may cite a promising bit of informa- 
tion obtained in studies on the liver of the human foetus. 
Some of the steps by which one of the adult functions of 
the liver is attained have been disclosed through the ob- 
servation that the purin bodies (protein constituents) 
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are there broken down in successive stages by enzymes 
which first appear in an orderly time sequence. This 
order of enzyme production being—guanase, adenase, 
xantho-oxidase. That these represent orderly and suc- 
cessive steps in the ontogenetic development of a defini- 
tive function of the adult liver is made clear in these 
studies. Also, in this particular case, the far-reaching 
hereditary significance of this sequence is made further 
evident by the fact that the order of ontogenetic sequence 
of these enzymes is probably the order found in animal 
phylogenesis. 

If another illustration were required it could be shown 
that the differentiation of the sex character also offers a 
quite favorable opportunity for studies of this nature. 
We shall here note only that ‘‘metabolic rate’’ is a thing 
susceptible of measurement in all stages in one or an- 
other organism; that the various form-expressions of sex 
in the embryonic series are perhaps as well known as for 
any character; and that in vertebrates much work has 
already been done on the nature and developmental ef- 
fects of the substances elaborated by or in association 
with the gonads. These facts, gathered hitherto by work- 
ers in different fields and with most varied aims, supply 
a good beginning for a study of the complete ontogeny of 
this character. 

There can be no doubt that this fairly obvious and al- 
most entirely neglécted field—now scarcely recognized as 
within the province of research in heredity—is a wholly 
essential part of the required knowledge of any heredi- 
tary character. It would, therefore, seem to be impor- 
tant that present workers in heredity recognize the need 
of adequately and permanently establishing this type of 
work as an essential aid to the problem of development— 
with heredity as the point of interest and as the aim of 
such study. At present we must rely upon chance infor- 
mation—the by-products of studies in pathology, embry- 
ology, biochemistry or ‘medicine. Further, along with 
this recognition it would seem necessary to begin the 
training of investigators who, with new methods of study 
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and independent outlook but well reinforced by interest 
and training in heredity, must in large measure be re- 
sponsible for developing our knewledge of this aspect of 
heredity. In the task of securing and training these re- 
cruits it seems clear that geneticists, botanists and zoolo- 
gists will first need to look to the breadth of training 
given within these subjects; and that they shall then have 
to secure the aid of their colleagues in chemical aspects 
of biology. A wide and thoroughgoing cooperative effort 
is here clearly required in order that we may hope later 
to attain this necessary information for any hereditary 
character. The circumstance that numerous fragments 
of data are known for different parts of the ontogeny of 
various characters does not even partially supply this 
need. 


LocALIZATION AND DISTRIBUTION 


The germinal foundations of hereditary characters (c) 
have been so successfully examined during two decades 
of revolutionizing study and form so conspicuous a part 
of the contribution of modern genetics that, as already 
noted, this subject does not call for consideration here. 
This is one of the two from a total of six essential aspects 
of heredity that can be said to have received its share 
of deserved attention. 

The mechanism of distribution of hereditary characters 
(d) has also been so successfully studied, and the results 
employed with such brilliant results—its testimony hav- 
ing been brought into striking consonance with that pre- 
sented by the immediately preceding type of study (foun- 
dation in gametes)—that this body of knowledge also 
stands in no need of emphasis. The mechanism of dis- 
tribution of hereditary characters is then the second and 
last of the six essential aspects of heredity that can be 
said to have received its proper share of attention. 

These two last-named aspects of the subject may in- 
deed be considered the mountain of fast accumulating 
information in the wide otherwise uncultivated province 


of heredity. To a certain extent our additions to this 
27 
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mountain proceed, at least in many quarters, as though 
we conceive nearly all else within the horizon as a fallow 
and negligible area. It now seems in the interest of 
further progress to question this view, or at least this our 
actual method of procedure. On the other hand, the in- 
ference should not be drawn that all the major facts con- 
cerning the foundation of characters and the whole story 
of the mechanism of their distribution have already been 
obtained ; nor should there be any slackening of effort on 
the more inviting unsolved problems in these two aspects 
of the subject. Besides all this there apparently remain 
many tasks, even within this restricted field (c and d), 
for the accomplishment of which present methods of 
study may prove inadequate. In a large part of what has 
hitherto been learned (or has taken the form of.classi- 
fiable knowledge) the chromosomes are principally in- 
volved. But in the case of several of the most important 
features of individual development the ‘‘ germinal foun- 
dation”’ is still conjectural or quite unknown; and there 
are features of the organism which are not, and others 
which probably are not, based upon any familiar form 
of ‘‘distribution or segregation.’’ Only future investi- 
gation can disclose the facts for these particular cases. 
The cases referred to above are made specific in the 
following examples; The germinal basis of polarity and 
bilaterality ; the differentiation of the main body regions 
(head, thorax, body) ; the difficult fact that the effects of 
a gene are largely confined to localized areas, despite the 
circumstance that all the cells of the body have a common 
chromosomal equipment; and finally, the fairly obvious 
circumstance that the most essential of all the properties 
of the organism—the fundamental properties of living 
matter—can not be conceived as at all subject to segre- 
gation. In this latter case we must conclude that segre- 
gation is impossible, or else we must profoundly modify 
our definitions and conceptions of living matter itself; 
for, if these properties do segregate it follows either that 
particles of living matter exist with one or another such 
thing as irritability, respiration and assimilation left out, 
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or that such segregates involve only non-living matter. 
To urge, for example, that for ‘‘protoplasmic respira- 
tion’’ there are too many genes and these too widely rep- 
resented in all the chromosomes to permit our ever see- 
ing any evidence of segregation; or indeed to assume 
that any gene whatever exists without itself actively ex- 
ercising this property, seems to resolve an established 
principle into an absurdity. Neither segregation, cross- 
overs, non-disjunction nor duplication can apply to the 
fundamental properties of living matter. 


Intimate NATURE 


Two other and additional aspects of heredity remain 
essentially undeveloped (e and f of diagram). It is not 
easy to make clear at once exactly what is meant by the 
‘‘intimate nature’’ (e) of a hereditary character (and of 
its factor basis)—so unfamiliar is this conception to the 
language of heredity and evolution. But is there not a 
trace of humiliation in the circumstance that the state 
of advance in our science is such that any novelty or un- 
familiarity attaches to a term like the ‘‘intimate nature’’ 
or the ‘‘properties’’ of a hereditary character (or fac- . 
tor)? Is there something other than matter or energy, 
and their various forms and transformations, involved 
in any such factor or character? Elsewhere in science 
workers with the forms of matter or the forms of energy, 
after assurance of their presence or existence, seek first 
to get at the identifiable properties of the bit of matter 
under consideration. In other fields of investigation iron, 
sugar, mercury, alanin and adrenin are subjected first 
of ali to disclosure of their properties—their intimate 
nature. The investigator of heredity now reports variety 
or differences in his substrates; their localization; and 
he occasionally refers to the quantities or proportions of 
his substrates—his sugar and his mereury. But any two 
of his sugars may be equally regarded as iron and alanin; 
the effects of any gene being estimated solely on the 
basis of the total accomplishment of all other genes when 
that particular gene is present as contrasted with what 


420 THE AMERICAN NATURALIST [Vou. LVIII 


they do in its absence (or in its alternative representa- 
tion). As to other intimate differential qualities of the 
genes we hazard no inquiry. Admitting this procedure, 
what further might we do about it? A plain suggestion 
seems to be: First, to recognize this neglect as a real and 
evident weakness of the present restricted attack on the 
problem of heredity; a weakness which merits the atten- 
tion of individual investigators and of laboratories. Sec- 
ond, to prepare ourselves or some of those trained by us 
—again necessarily enlisting the cooperation of our col- 
leagues in the requisite sciences—to enter and develop 
this essential part of the study of heredity. 

But are we in a position reasonably to hope for success 
in this endeavor? To this question most geneticists will 
now doubtless reply in the negative; and certainly only 
that reply is possible for those who have not carefully fol- 
lowed other work in heredity than that most prevalent in 
genetics (c and d). On this point the writer must state 
his own conviction that the accomplishment of this pre- 
cise thing is now becoming clear in the case of one hered- 
itary character, namely, sex. Investigations of the past 
few years have supplied a large and varied body of evi- 
dence that the sex differential, as between male and fe- 
male, is based upon initial differences of metabolic rate 
in the gamete or germ stage; that whether ova or sperm 
are formed within the developing organism depends pri- 
marily and continuously upon whether a higher or lower 
rate of metabolism is maintained in the developing or- 
ganism from the gamete stage onward through the period 
of its own production of germ cells; that this intimate 
metabolic state can so definitely dominate the sex factor 
and the sex character as to determine in fine detail the ex- 
pression of this most widely expressed character, irre- 
spective of the type of factorial foundation in germ and 
zygote. The completeness with which this metabolic rate 
both replaces and supplements the impulse of the factor 
itself; and the cireumstance that in metabolic rate we are 
not dealing with an external agent, or with a stimulus 
whose seat of action is unknown, but with the seat and 
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actuality of action itself—all this provides evidence that 
this particular factor impulse and metabolic rate are the 
same kind of thing. In this case, therefore, we now prob- 
ably have some knowledge of the ‘‘intimate nature’’ of 
one hereditary character. It is a corresponding or simi- 
lar type of knowledge that is needed in the case of any 
hereditary character. 

In this connection it may be noted further that, if the 
above conclusion is correct as to the ‘‘intimate nature’’ 
of the sex character and the sex factor, we are in this case 
also in a very favorable position to attain an unusual 
view concerning one phase of the origin of this particular 
_ character. It has been pointed out that sex in the living 
world has originated independently hundreds, perhaps 
thousands, of times. How does it happen that these 
numerous independent origins of sex all give us essen- 
tially similar pictures of the two sexes? Would it not 
greatly assist us to an understanding of this matter if we 
could know the thing out of which sex differentiation 
arises? And if at the same time we might know also that 
this same thing is of wide distribution—as widely dis- 
tributed in fact as are organisms themselves? It was 
noted above that these useful facts are becoming avail- 
able. If all sex rests primarily and fundamentally upon 
metabolic level or rate, then all the numerous cases of 
independent origin of sex arose in organisms which nec- 
essarily already had one or another rate of metabolism 
prior to the differentiation of the two sexes from a uni- 
sexual condition. All these organisms possessed exactly 
one and the same thing, or kind of thing, out of which to 
form or differentiate the sexes. It seems a safe conclu- 
sion that it is now possible to undertake a study of the 
‘‘intimate nature’’ of some characters and of their fac- 
tors beyond the effects on development observed in their 
presence or absence as noted above, and that this fifth 
aspect of the study of a character is essential—like the 
preceding aspects of the problem—to a real understand- 
ing of any hereditary character. 
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Since we emphasize the special importance of obtain- 
ing adequate knowledge of all the six aspects of heredity 
on some one character it becomes desirable to inquire 
whether there is any one single character particularly 
favorable for all these types of study. J the writer’s 
opinon sex is one of the most favorable characters for 
this purpose. Something of the status of the sex char- 
acter with reference to four of the six kinds of knowledge 
is elsewhere mentioned. Concerning its position in the 
remaining two types (c and d) it is sufficient to recall that 
for no other character so well and so widely as for sex 
has it been possible to identify a visible ‘‘ germinal foun- 
dation’’; and that the ‘‘mechanism of distribution’’ of 
the factors underlying and normally guiding the devel- 
opment of sex characters is as well understood as that for 
any known character. It may further be said that expe- 
rience indicates that in no one animal or plant species 
may we hope to study advantageously all the aspects of 
sex or of any other character. Once a particular charac- 
ter is selected for study each of the six kinds of required 
knowledge should be sought in whatever organism lends 
itself best to the specific aspect taken for study. It is 
practically inconceivable that these six radically diverse 
kinds of problems are all most favorably presented in 
any one type of organism. 


TRANSFORMABILITY 


The final and the practical aim in the study of any and 
all aspects of any hereditary character may be said to be 
for its control or transformability—in ontogeny at least, 
in phylogeny if possible. Is this aspect of the problem 
now amenable to study? Again we note that recent de- 
velopments in the study of sex fully demonstrate that this 
particular hereditary character can be completely trans- 
formed to its alternative state, even in adult higher ani- 
mals. It follows that, since the knowledge acquired on one 
truly hereditary character (sex) now enables us in the case 
of some higher animals to force this character to develop 
into its alternative or opposite form, the experimental con- 
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trol over all hereditary characteristics of this type becomes 
theoretically realizable and possible. No such character— 
physical or mental, in man or other organisms—can now 
be considered irreversible. This can only mean that the 
full development of a complete science of heredity will 
have included che control or transformation of characters 
in ontogeny as a definite part of its aims and attain- 
ments. 

The application of this control and transformation not 
merely to ontogeny (the character) but to phylogeny 
(the factor) in addition might of course put us in a posi- 
tion to control or direct evolution itself—the ultimate 
goal of our science. Whether in fact this most important 
power resulted would depend upon the kind of heritable 
change effected; that is, whether what we succeed in in- 
troducing into the race is something abnormal and in- 
capable of further progress, or is a typical and normal 
fundament as capable as were its precursors of further 
progressive creative evolution. In the one case we should 
be taking a magnificent part in creation; in the other, 
perhaps only facilitating factorial disorder or disease. 
In the event of a real success here this aspect (f) of he- 
redity would meet and be resolved into one phase of the 
first-described aspect—the origin (a)—of a character. 
A few attempts to induce one or another heritable change 
by some specific treatment have been and are now being 
made, and all recognize that much additional work of this 
character is needed. The apparently valid heritable 
changes hitherto found do not seem clearly to involve a 
particular factor or group of factors, they are probably 
all of the nature of abnormalities, and they thus far in- 
troduce no desirable or promising thing into the heredity 
of the organism; yet, those very few cases in which the 
abnormalities can be assuredly associated with a specific 
procedure or treatment seem to supply a new and most 
valuable kind of fact. This aspect of heredity, though in 
all respects quite unsuccessfully studied until very recent 
years, already promises to receive a share of attention 
in the immediate future. The same can not be said, how- 
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ever, for the control of heredity in the ontogeny of man 
and animals. 

Many will be inclined to consider lightly this power to 
control alternative characters in: ontogeny. It may, 
nevertheless, be well for students of heredity to recon- 
sider this matter in the light of a demonstration cited 
above. As an aid to such reconsideration it may be sug- 
gested that the group of sciences'we now call medicine 
is built upon and takes its value from a measure of con- 
trol perhaps less far-reaching and less advantageous to 
the human race than that involved in the control of alter- 
native hereditary characteristics during the development 
and life of the individual. Medicine also chiefly deals 
with individual (ontogenetic) life. It sometimes pre- 
serves or rehabilitates life during many years; but more 
often its service—aside from sanitation and hygiene—is 
limited to aiding our resistance to pain or disease during 
only hours or days of our life. The complete control of 
(ontogenetic) heredity, however, would give to all men 
during all the days of their lives the greater resistance 
to disease, the predisposition to the longer life, the more 
advantageous stature, the higher level of intellect, the 
more desirable of all mental and physical states having 
allelomorphic representation within them. There is per- 
haps little that is imminent here; but the range of devel- 
opment of a complete knowledge of this aspect of hered- 
ity is the point discussed. It would seem unfortunate if 
our science should long overlook the great human value 
and the educative and other responses of mankind to any 
practical advance in this field. 

In conclusion, as workers in a common science—if in 
fact we are all really aiming at an understanding of he- 
redity and evolution—may we not profitably consider the 
question which every laboratory, great or small, must 
raise in determining its policy? Are we as individuals, 
laboratories and institutions to make our main effort the 
filling in of details concerning conceptions or principles 
already fairly established, together with additional con- 
ceptions of a similar kind which will doubtless follow? 
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Or shall we consider it equally important, at least of 
much importance, to wedge our way into essentially new 
but now recognizable aspects of the general problem 
which must disclose kinds of fact new and different? It 
would seem that an adequate development of our knowl- 
edge of heredity and evolution requires that at least a 
few individuals and a few laboratories should now take 
the latter view and accept the duty and privilege of the 
development of one or another of the following neglected 
aspects of the study of a hereditary character: Its com- 
plete ontogeny; its intimate nature; its control or trans- 
formability. 


SuMMARY 


Present studies on heredity and evolution offer what is 
mainly a two-sided attack on a many-sided problem. An 
attempt to identify the radically diverse aspects neces- 
sary to the comprehension of any hereditary character, 
together with a concrete examination of these neglected 
attackable aspects of the subject, brings into clearer view 
the inadequacy of the present attack. Some of these de- 
ficiencies are such as can be adequately met only through 
a wide interdepartmental cooperative effort. On con- 
temporary students of heredity and evolution and on lab- 
oratories devoted to studies in this field rests the respon- 
sibility of obtaining this cooperation, and of so directing 
some of their main efforts that the results of this co- 
operative effort may soon be attained. Where individ- 
uals or laboratories are already prepared to conduct this 
type of work it should receive immediate, active and en- 
couraging support. Our knowledge of heredity will be 
more advanced by securing all the kinds of fact necessary 
to an understanding of some one—any one—character 
than by a duplication of much information of a few kinds 
on many characters. At the present time sex is one 
favorable character for such a comprehensive study. He- 
redity, as a branch of science, is assuming new aspects 
which give it an ever-increasing human value and a 
greatly increased human interest. 


A HYPOTHESIS OF “VALENCE” IN HEREDITY 
AND EVOLUTION 


F. M. GETZENDANER 


Even the smallest detail of heredity depends upon the 
behavior of those infinitesimal chromosomal units, the 
genes. And these genes always appear along the nuclear 
threads in linear series, each of its own specific kind and 
self-perpetuating by growth and division. They are ‘‘of 
definite number, separated by fairly constant intervals, 
and are arranged in a definite and invariable serial 
order.”’ 

There is something about the above declarations of 
Professor Edmund B. Wilson regarding the structure of 
the cell that reminds one of Sir Ernest Rutherford’s de- 
seription and Bohr’s graphs of the atoms. Rutherford 
says: ‘*The atom is naturally the most fundamental 
structure presented to us. Its properties must explain 
the properties of all more complicated structures, includ- 
ing matter in bulk.’’ May we not also say, ‘‘The cell is 
naturally the most fundamental organic structure pre- 
sented to us; its properties must explain the properties 
of all more complicated organic structures, including life 
in bulk, heredity and evolution.’’ 

There is something about the stability of species, all 
separated by appreciable gaps, that reminds one of the 
stability of those atomic organizations which constitute 
the elements, all separated by gap intervals which can 
be expressed in terms of number and weight. 

Can we not see, even though vaguely, some of the ele- 
ments of the laws that are made imperative by conditions 
in the organic world? A simple trial-and-error mode of 
species origin through environmental influences, or the 
same mode through chance combinations of germinal fac- 
tors, seems untenable in its final consideration because of 
the remoteness of the possibility that chance in any 
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length of time, no matter how great, could ever bring 
about a combination necessary to produce even the more 
simple of the plant and animal species. Either method 
of species origin, if operating alone, must operate under 
the law of probabilities. 

It has been said that we may as well expect an explo- 
sion in a print shop to produce Hamlet as a combination 
of chances befalling the chemical elements to produce a 
lily or a lobster. Or, we may add, the chance mingling 
of negative and positive charges of electricity to produce 
lead, or the chance mingling of the atoms to produce 
a chemical compound. All these alike are inexplicable 
without the property of mutual attraction among some 
of the factors and the absence of it among the others, and 
a state of stability due to a law of definite proportions 
and definite structural arrangement. 

An illustration that has been used in explaining the 
formation of chemical compounds must be applicable in 
the organic world, also. Natural selection can not be the 
governing cause in the origin of species, neither can 
chance (trial-and-error) in the meeting of germinal fac- 
tors possibly produce species. If properties of mutual 
attraction and the laws of definite proportions and defi- 
nite structural arrangement or grouping are essential in 
building the stable atom of an element and in the form- 
ing of chemical compounds, they must be even more neces- 
sary in the infinitely more complex organic world. 

Take the illustration of the printer’s pied type. If 
only two types, o and d, be thrown, the chances are equal 
for and against their falling in the order of d 0, spelling 
a word. If a, b, 1, n, and k be thrown the probability is 
that they will spell the word ‘‘blank’’ one time in 120 
throws. Ifa, g,i, m,n, r,t and u be thrown, they probably 
will spell the word ‘‘maturing’’ only once in 40,320 
throws. To spell two such eight-letter words in given 
sequence would require an average of nearly twenty-one 
trillion throws. If the whole alphabet, or indiscriminate 
parts of it, or a case of type be thrown, the chance of 16 
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contiguous letters spelling any two given eight-letter 
words is infinitely remote. 

Then, after our words are formed through chance and 
they in turn are thrown, the chances against the forming 
of intelligent clauses, sentences and expressions of 
thought increase past any possibility of ever happening. 
Our letters which form words must have the property of 
mutual attraction that will cause them to assemble in 
orderly, definite arrangement, and the lack of such attrac- 
tion for other letters that would spoil the words. Also, 
our words must assemble under some law of organization 
that compounds them in definite sequence into sentences 
and expressions of thought, before Hamlet is ready for 
the press. 

I imagine that the alphabet of organic nature contains 
infinitely more letters than the English alphabet, and if 
a bird is of the order of a thought, then its expression 
must involve, in the evolution of the fundamental struc- 
ture of the bird’s organism, properties of mutual attrac- 
tion between certain components, the absence of it 
among others, and the operation of laws of definite pro- 
portions and definite structural arrangement and group- 
ing. This is consistent with what we are told is to be 
found within the cell. 

Such properties and laws would precipitate some of the 
fog that clings around heredity and organic evolution. 
For example, the old conception of the origin of species 
(through variation and (or) mutations which are pre- 
served or discarded through natural selection) demands 
a continuous gradation in the organic system, with no 
gaps between the species, which does not occur in nature. 
The links seem always missing. Others are: Why are 
some characters inherited and others not? Why are some 
inheritable characters transmitted in the Mendelian man- 
ner and some, it appears, otherwise? 

Certain kinds of genes (or certain kinds of compo- 
nents of the gene) may have affinity or ‘‘valence’’ for cer- 
tain other kinds of genes or their components with con- 
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genital valence (as may be illustrated by the sex chromo- 
somes functioning in conjunction with like chromosomes 
of other cells) combining with them in definite propor- 
tions and varying grouping combinations having varying 
degrees of stability, just as we find among the electrons 
and protons in the atoms. Perhaps we should not carry 
this comparison too far so as to imagine revolution of 
certain components about certain other, nuclear compo- 
nents, yet the known properties and functions of the 
genes seem to demand that they be rather complexly 
organized. It may not be far wrong to think of the gene 
as a system of nuclear and orbital elements of opposite 
signs. 

In organic species, then, we have aggregations of genes 
or their effective components whose mutual attraction 
and group pattern represent arrangements of maximum 
stability. In (some) varieties the arrangements are of 
varying degrees of instability with an inherent tendency 
to disintegrate. According to this hypothesis species are 
immutable in a like sense that the elements are immut- 
able. They mutate in nature but can not, with our present 
knowledge and technique, be made to do so by artificial 
manipulation. 

In varieties we may have three conditions. In the first 
and more rare, combinations and arrangements of the 
genes or their effective components that are in varying 
degrees of instability, with inherent tendencies to dis- 
integrate, as in the case of a chemical analogue, thorium 
X. Such varieties may retain characters that appear 
specific for almost countless generations and may evolve 
into other pseudo species, but which ultimately revert 
(drop out factors) to more stable or truly specific com- 
binations. This may account for instances of retrograd- 
ing in the face of an almost general law of irreversibility, 
as in the case of three-toedness in the Equus and the 
Rhea and two-toedness in the Struthio. 

The second class of varieties, which is a populous one, 
is comparable with chemical compounds. In this are the 
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hybrids. The compound sodium chloride is the end of its 
series. As such it will not chemically unite with any 
element or other compound. It is sterile. The same is 
generally true of hybrids. The chromosomes or genes, or 
their effective components, of two closely related species 
often mutually adapt themselves in new combinations re- 
sulting in hybrids, but these are ‘‘compounds,’’ not ‘‘ele- 
ments.’’ When the sperm cell of the hybrid male unites 
with the ovum of the female there is only a mixture, not 
an organic union. The rare fertility found in hybrids 
may be due to one of the parents of the hybrids belonging 
to an ‘‘isotope’’ whose ‘‘atomic number’’ is nearer to 
that of the species of the other parent. If this be true, 
then the study of the germ and sperm cells of such par- 
ents should disclose in one of the parents chromosomal 
structure differing (isotopic) from the specific type. 
Just as some of the greatest mysteries of the atom were 
cleared up by Soddy in his study of the isotopes, so may a 
study of the parents of fertile hybrids clear up some of 
the dark places in the cell. 

The third class of varieties is also large. Its members 
are the result of the organisms’ response to their environ- 
ment. To this may be likened the gaseous, liquid and 
solid, or the crystalline and amorphous states of the ele- 
ments, or the conformation of crystals to the spaces in 
which they grow. A few examples are: climatic reaction 
upon pigmentation, variation in size and weight due to 
quantity and quality of nutrition, atrophy of organs and 
tissues through non-use and the development thereof 
through use. Characters of these varieties can never 
become specific in the organic system any more than the 
corresponding ones in the inorganic can become charac- 
ters of an element. 

A species and its immediate predecessor may present 
unexpected differences in both characters and chromo- 
somal organizations. These differences may possibly be 
periodic. Thorium X does not disintegrate into the ele- 
ment of next lower atomic weight and number, but into 
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lead, which is separated from thorium by a whole period 
or octave in the scale of elements. When we explore 
further into the organizations of the chromosomes and 
genes, and then study these organizations in closely re- 
lated species and isotopes within the species, we may find 
the explanation of why we never recognize the genesis of 
a species, either in contemporary life or in paleontology 
—why there is no connecting gradation between the 
species. There may never have been any connecting 
links. 

It is an interesting coincidence that some of our pale- 
ontologists arrange animal life into eight super phyla, 
just as we have eight groups in the series of the elements. 
There are in each of these great phyla members which, 
in their evolutionary stagnation, resemble the inert gases 
—certain Foraminifera within the protozoa and the Blas- 
toidea within the arthropoda, for example. And also 
within each species so exceedingly active in an evolution- 
ary sense, or at least are so productive of varieties that 
they are comparable to the monads and dyads among the 
elements. Thus, if we find valency a property of the 
chromosome or gene organization, we will have another 
evidence of the ultimate simplicity of the universe, such 
as the comparison of the atomic and solar systems seems 
to show. 

The organic series is not based upon the top of the in- 
organic series, else we should find uranium, thorium and 
radium composing organic matter instead of hydrogen, 
carbon, oxygen, ete. Organic evolution is not a continua- 
tion of inorganic evolution. In the face of their many 
similarities there is a fundamental difference between in- 
organic chemistry and biochemistry—between inorganic 
physies and biophysics. There is a discernible difference 
between inorganic and organic compounds, so there may 
prove to be ‘‘bio-hydrogen”’ and ‘‘bio-carbon,’’ essen- 
tially different from their corresponding chemical ele- 
ments. These bio-atoms may be so unstable as to break 
down under the most skilful technique on examination by 
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the chemist, or their distinguishing characters may be 
‘indiscernible with our present knowledge and methods. 

The hydrogen spectrum indicates, under the quantum 
theory, that there are numerous kinds of hydrogen atoms, 
differing with the position and motion of a single electron, 
yet the different kinds of hydrogen are indistinguishable 
under any chemical examination. The investigations of 
Aston and Rutherford show that ‘‘the number of distinet 
species of atoms is much greater than was supposed.’’ 

Then why may there not be bio-atoms of hydrogen and 
carbon which, like other atoms, can not be caused to or- 
ganize by any laboratory agency? Thus we might explain 
the long series of hydrocarbon compounds only a few of 
which can be directly produced in the laboratory, and do 
away with the absurd tenet that the multitude of life pro- 
cesses are ordinary chemical processes initiated through 
blind trial and error, while the intelligent direction of 
combined chemical wisdom has not thus.far produced a 
single specimen of life, no matter how simple, in the 
laboratory. 

Again, the lowest animal form is not in succession to 
the highest plant species. Animal evolution is not based 
upon the top of the plant series. While plants had to 
occur first, as a necessary condition for the existence of 
the animals, there is no reason to infer that animals ever 
evolved from plants. The logic of the conditions is that 
the elements, the plants and the animals arose from a 
common level—the more simple organizations of the 
atom, and represent three distinct phyla. We know- that 
the mode of the evolution of the elements is in the increas- 
ing complexity of the organization of the atoms. The 
great virtues of simplicity and universal applicability at- 
tach to the hypothesis that the modes of plant and animal 
evolution are in the increasing complexity of two classes 
of bio-atoms whose sphere of activity is somewhere 
within the organization of the chromosomes, probably 
within the genes. 

That the above outline contains inconsistencies and far- 
fetched comparisons is recognized, but all through it 
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there seem to be parallel threads of fact and truth that 
the conditions demand and without which they will not 
be satisfied. 


Those who have read the above paper in manuscript 
and have been kind enough to criticize it are all alike in 
offering the objection that the gaps between species are 
by no means as common as implied in the paper. Most 
who read it, probably, will raise the same objection. 
Natural selection was so long accepted as the single mode 
of evolution that its necessary corollary, continuous gra- 
dation, seems to have become inseparable from the idea 
of evolution. Good modern authority on genetics recog- 
nizes species as natural groups with gaps between, vide 
Bateson in his address at Toronto, ocatemaitaid 1922, pub- 
lished in Science January 20, 1923. 

The most exhaustive recent discussion of species and 
the species concept is by Hall and Clements in The Phylo- 
genetic Method in Taxonomy—the North American Spe- 
cies of Artemisia, Chrysothamnus and Atriplex, a 1923 
publication of the Carnegie Institution of Washington. 
After perhaps the most thorough study in the field that 
was ever given a similar group, and after presenting very 
fully all phases of their subject, they advance conclusions 
from which the following statement is compiled, mostly 
in their exact phrases, some of them several times re- 
peated in their discussion. They do not undertake to 
‘*define’’ species, and this is only my attempt to embody 
their cardinal conclusions in a brief, only tentative defini- 
tion: The best-approved concept of species, which is ap- 
plicable to actual conditions in nature, is that species are 
definite phylogenetic units—natural groups—which show 
adequate morphological differentiation, with definite 
limits, characterized as a rule by ‘‘actual gaps in evolu- 
tion (see page 15), which are gametically pure and breed 
true.’’ 

In discussing ‘‘divergence’’ and ‘‘convergence,’’ they 
use this expression: ‘‘Thus, while most species will show 
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distinct gaps, it must be admitted that the gaps may be 
quite or completely closed in some instances, ... ”’ 
The italics, of course, are mine, and it should also be 
stated that nothing is farther from these gentlemen’s 
minds than standing sponsor for such speculations as are 
presented by this paper, but their findings that in ‘‘most’’ 
cases there are distinct gaps between the species and that 
these gaps are ‘‘closed in some instances,’’ are facts for 
all purposes to be served. 

In Nature, February 9, 1922, Willis and Yule give a 
summary of the results of their statistical studies which 
suggest what Pear] has referred to as ‘‘apparently a real 
law of organic evolution.’? The conception can not be 
stated within the limits of this note, but it may be roughly - 
illustrated—not by the old figure of ever-spreading 
branches of a tree, but by a more or less matured tree 
dropping a few seed, each of which contains the germ of a 
new tree which differs by specific, and even generic and 
larger degrees from the ancestral tree, and from the other 
offspring. By formulating from their paper the ‘‘appar- 
ent law,’’? we have something like the following: The 
velocity of evolution is uniform, 7.e., the progress of evo- 
lution, measured by the total number of species within 
any given group of ten genera, is directly proportionate 
to the age, measured by the area occupied by that group. 
They do not so state their conclusions, nor do they ad- 
vance such conclusions except as highly probable inter- 
pretations of the conditions. 

In Science, page 13, of July 2, 1920, David Starr Jordan 
ealls attention to another ‘‘law’’ illustrated by the suc- 
cession of two series of fishes and ‘‘other groups,’’ 
‘‘showing apparently that non-specialization, ultra-spe- 
cialization and loss of structures are all of secondary 
importance in the struggle for existence, and that they 
are conditioned on something else, a law not yet under- 
stood,’’ that this development is ‘‘pursued along what 
might seem to be a definite, determinative line.’’ 
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However divergent it may be from Jordan’s general 
conception of evolution his tentative conclusion as re- 
gards these groups is that evolution pursues a definite, 
determinative line, in harmony with the theory of ortho- 
genesis. With the, possibly unwarranted, assumption 
that these groups are representative of all others, and 
placing the conclusions just stated with the ‘‘apparent 
law’’ of Willis and Yule, we have the following interest- 
ing law (?): Evolution proceeds along a definite, de- 
terminative line, and at uniform velocity. 

Should the existence of this law ever be proved, the 
survival of the fittest will remain no less a law, determin- 
ing the shape and extent of each evolutionary tree, but 
not the time of fruiting nor the character of the fruit 
(mutations), except as it destroys the products of all new 
fruit which are not adapted to their environments. 


A SECOND FACTOR FOR PRIMITIVE SPORO- 
PHYTE IN MAIZE? 


WILLIAM H. EYSTER 


UNIVERSITY OF MISSOURI 


In an earlier paper (EKyster, W. H., 1924) are de- 
scribed maize sporophytes which do not become dormant 
in the seed stage, but have a continuous development 
from the fertilized egg. Since they resemble in this re- 
spect the sporophytes of more primitive plants, as the 
Bryophytes and Pteridophytes, they were designated as 
primitive sporophytes. Before the ears which bear the 
viviparous sporophytes are mature, the embryos burst 
the pericarp of the kernels and proceed to develop into 
seedlings, in a way quite like the sporophytes on the stro- 
bili of Selaginella rupestris. Growth continues so long 
as there is sufficient moisture in the endosperm and cob 
to permit it. When the water supply fails, the seedlings 
wilt and die. If the living seedlings are transferred from 
the maturing ear to moist filter paper, or planted in soil, 
growth continues normally. Because of the absence of 
chlorophyl these precocious seedlings died when the food 
supply in the endosperm was exhausted. This vivip- 
arous condition in maize was found to be inherited as a 
simple Mendelian recessive and is the expression of a 
factor which was designated pm. The factor pair Pm pm 
is closely linked with a factor pair for yellow endosperm 
and very closely or completely linked with a factor pair 
for albinism. 

Similar sporophyte characters in maize have been 
found by others. At the Connecticut Station, Jones 
(Mangelsdorf, P. C., 1923) found germinating kernels on 
ears of two strains of maize which are thought to be in- 

1 The investigation reported, in this paper was made in connection with 


genetic studies of maize in the department of Field Crops, Missouri Agri- 
cultural Experiment Station. 
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herited. Lindstrom (1923) described an ear of maize 
with kernels that had germinated prematurely and died. 
On this ear there were 149 non-defective and 44 defective 
kernels. Of the non-defective kernels 112 had dormant 
embryos, while 37 had embryos that had failed to be- 
come dormant in the seed stage. 

The present paper is concerned with continuously 
growing sporophytes that occurred in a strain of maize 
quite distinct from that in which were found the sprouted 
kernels previously described (Eyster, W. H., 1924). 
Intercrosses have shown that the sprouted kernels in the 
two strains are due to distinct factors. In order to dis- 
tinguish between these apparently identical but geneti- 
cally distinct characters they will be called primitive, and 
primitive. respectively, with the factorial symbols pm, 
and pm». 


INHERITANCE OF PRIMITIVE: SPOROPHYTE 


The F, kernels from the cross, normal X< primitive., 
have dormant embryos. When F, plants are self-fertil- 
ized ears are produced which bear kernels with dormant 
and growing embryos in the relation of 3 to 1, as shown 
by the data in Table I. Of 881 kernels from two segre- 


TABLE I 
F, KERNELS FROM THE CROSS NORMAL X PRIMITIVE, 
Pedigree Dormant embryos Growing embryos Total 
5025—2 350 120 470 
5025—7 304 107 411 
Totals, observed 654 227 881 
Expected (3: 1) 661 220 881 
Deviation —7 +7 


gating ears 654 had normal and 227 growing sporophytes. 
This is a deviation of 7 + 8.67 from the numbers expected 
for a 3:1 ratio. 


INDEPENDENCE OF THE FACTORS pm, AND pm, 


Mention has already been made of the fact that crosses 
between heterozygous plants of the two strains in which 
germinating kernels have been found give kernels with 
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dormant embryos. Apparently, the primitive sporophyte 
condition of the two strains is due to different factors. 
The F, plants from the cross Pm, pm, X Pm, pm, should 
be of the following genotypes: 


Expected Results on Ears of Self- 


Genotypes of F, Plants fertilized F, Plants 
Dormant Embryos Growing Embryos 

Pm, pm, Pm, Pm, 3 1 

Pm, Pm, Pm, pm, 3 1 

Pm, pm, Pm, pm, 9 7 


One fourth of the self-fertilized F, plants should produce 
ears with all kernels normal, one half of them should 
have ears with normal and sprouted kernels in the rela- 
tion of 3:1, and one fourth of them should produce ears 
with normal and sprouted kernels in the ratio of 9:7. 
These results have been realized.. Of the six F, plants 
that were tested, two had ears with normal kernels only, 
four had ears with normal and sprouted kernels in the 
ratio of 3:1, and two had ears with normal and sprouted 
kernels in the relation of 9:7. The numbers are small, 
but are in exact agreement with expectation. Ears with 
normal and sprouted kernels in the ratio of 9:7 are con- 
clusive evidence that there are two factors for primitive 
sporophyte in maize. In Table II are given the results 


TABLE II 
F,, KERNELS FROM THE CROSS PRIMITIVE, X PRIMITIVE, 
Pedigree Dormant embryos Growing embryos Total 
5025—3 239 202 441 
5025—13 303 224 527 
Totals, observed 542 426 968 
Expected (9: 7) 544.5 423.5 968 
Deviation — 2.5 + 2.5 


from two ears which segregated primitive sporophyte, 
and primitive sporophyte.. There is a close agreement 
between the observed and expected numbers, with a de- 
viation of only 2.4 + 10.41. 
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SUMMARY 


Maize embryos normally become dormant in the seed 
stage and remain so until conditions favorable for growth 
are provided. Kernels have been found with embryos 
that do not become dormant in the seed stage, but con- 
tinue to grow as long as there is enough moisture in the 
endosperm and cob to permit it. This growth character- 
istic has been called primitive sporophyte because of its 
resemblance to the sporophytes of more primitive plants. 
Primitive sporophyte is inherited. There are two inde- 
pendent factors for the primitive sporophyte condition in 
maize, pm, and pms. 
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THE DISTRIBUTION OF CHROMOSOMES IN THE 
POLLEN-GRAINS OF A TRIPLOID HYACINTH 


JOHN BELLING 


CARNEGIE INSTITUTION OF WASHINGTON 


In some monocotyledons with long chromosomes 
(Cypripedium, Narcissus, Hyacinthus, ete.), the first 
division in the pollen-grain, which separates the gener- 
ative and vegetative nuclei, affords, at the metaphase, 
a better opportunity for accurately counting and com- 
paring the chromosomes than either the first or the sec- 
ond metaphase in the pollen-mother-cells. This division 
in the pollen-grain is also perhaps sometimes a better 
stage at which to count and study the chromosomes than 
the metaphase in the root-tips; because there are only 
half as many chromosomes, and the young pollen-grains 
can probably be more rapidly fixed. 

Bulbs of hyacinth (H. orientalis), towards the end of 
the year, were put in a warm room over water; one side 
of each bulb having been cut away, so that the young 
raceme was visible. At intervals, a bud was removed, 
and the contents of the anthers pressed out in strong 
iron-acetocarmine (1). When the right stages were 
found, preparations were made, in which the amount of 
liquid was so adjusted that the capillary pressure of the 
large coverglass somewhat flattened the young pollen- 
grains. For the counting and classification of the chro- 
mosomes a water-immersion objective was found best, 
used with yellow-green light (Wratten light filters, 57A 
or 58), and an immersed achromatic condenser (2). 

As a representative of the presumably diploid hya- 
cinths, bulbs were obtained under the name ‘‘Yellow- 
hammer.’’ They had no purple on the bulb-scales, and 
those that flowered bore sulphur-yellow flowers. (A clone 
of this name had been found by de Mol (6) to have 16 
chromosomes in the root-tips; 8 long, 4 medium and 4 
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short.) In the pollen-grains, the metaphase showed 8 
chromosomes. There were three or perhaps four kinds. 
Four were long and V-shaped, of approximately equal 
size, each with a constriction at the center. This con- 
striction often showed as a narrow clear space extending 
completely across the chromosome. (One or two of the 
4 V’s not infrequently showed a second constriction; but 
it could not be determined whether this subterminal 
constriction was a characteristic of only one pair, or of 
both pairs of V’s, or was accidental.) The two medium 
chromosomes were apparently identical in size and shape. 
They often had the form of J’s, and a subterminal con- 
striction was present in both. The two short chromo- 
somes appeared similar to one another, and usually 
showed a subterminal constriction. (These constrictions 
were not figured by de Mol (6) in his preparations of the 
root-tips.) Thus, in this presumed haploid group of 
chromosomes in the pollen-grain, we meet apparently a. 
number of sets of two similar chromosomes each; which 
is the state of affairs to be found in the pollen of tetra- 
ploid plants (4). Hence this clone of hyacinth is possibly 
either tetraploid, or still shows the signs of descent from 
tetraploid ancestors. The wild form of H. orientalis has 
not yet, so far as I know, had its chromosomes counted. 

As a sample clone of those found by de Mol (6) to 
have 12 large, 6 medium and 6 small chromosomes in the 
root-tips, and presumed to be triploid, bulbs were ob- 
tained under the name ‘‘Lady Derby.’’ These had purple 
bulb scales, and the ones that flowered bore pink flowers. 
In the metaphase of the first division in the pollen-grains, 
the numbers of accurately counted and classified chro- 
mosomes ranged from 8 to 14, though some other cells 
had over 14. The one cell which had 8 chromosomes had 
the same size formula, 4L + 2M + 28, as did all the pol- 
len-grains of the clone ‘‘ Yellow-hammer’’ whose chromo- 
somes were counted. 

If this clone (‘‘Lady Derby’’) is a triploid, or double 
triploid, 8 of the chromosomes in the pollen-grain 
(namely, 4L -'- 2M +-2S) will have probably come from 
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Fic. 1. Divided pollen-mother-cell of the triploid hyacinth, Lady Derby, 
at the anaphase of the second division. In the left-hand half, the two groups 
have each 6 long, 3 medium and 2 short chromosomes. In the right-hand 
cell the two groups have apparently 6 long, 3 medium and 4 short chromo- 
somes, The total is 12 long, 6 medium and 6 short chromosomes. The same 
numbers were found by De Mol in the root-tips. 


pairing with 8 similar chromosomes at the first meta- 
phase in the pollen-mother-cell. The remaining 8 chro- 
mosomes of the pollen-mother-cell would probably be 
distributed according to the laws of chance to the two 
nuclei resulting from the reduction division (3), and 
hence to the two pairs of pollen-grains which come from 
each pollen-mother-cell. 

The chromosomes were counted and classified at the 
metaphase in 52 pollen-grains. Many other pollen-grains 
showed the same stage, but the chromosomes overlapped 
so that there would have been some uncertainty in their 
classification. Since, other things being equal, the less 
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the number of chromosomes the more widely they were 
spaced at the metaphase, a few more pollen-grains with 
a number of chromosomes below the mean (12 chromo- 
somes) would probably be included. in the number 
counted than would have come in a random sample of 
the pollen-grains. - However, if the distribution of the 
extra chromosomes was a random one, this source of 
error should not obscure the results, if duly allowed for. 
After subtracting 4L + 2M + 2S from the number of 
chromosomes found in each pollen-grain, the resulting 
excesses of the numbers of chromosomes over eight are 
given in Table I. 
TABLE I 
DISTRIBUTION OF EXTRA CHROMOSOMES IN 52 POLLEN-GRAINS OF A 
TRIPLOID (OR DOUBLE TRIPLOID) HYACINTH 
No. of extra chromosomes 0 12 3 4 5 6 7 8 


Calculated O22 611 i 2 OS 


Table I shows that out of the 52 pollen-grains there 
were 7 more grains below the middle class (with 4 extra 
chromosomes) than there were above this class. The two 
lowest classes include 6 pollen-grains, and the two highest 
classes have none. A change of 3 pollen-grains from low 
to high would about balance this, and the total number of 
extra chromosomes would be increased by 18 or 19. 


TABLE II 
DISTRIBUTION OF THE EXTRA CHROMOSOMES IN THE THREE SIZE 
CLASSES IN 52 POLLEN-GRAINS 
Long Medium Short Totals 


Numbers of chromosomes 97 51 40 188 
Calculated 104 52 52 208 
Deviations — 7 — il —12 — 20 


Table II shows that while a chance distribution ordains 
that about 208 extra chromosomes would probably be 
found in the 52 pollen-grains of the triploid plant, actu- 
ally only 188 extra chromosomes were counted, there 
being 20 chromosomes lacking. Thus the data in Tables 
I and II agree fairly closely with the results expected 


Fic. 2. Fifteen pollen-grains from the triploid clone, Lady Derby. These 
were taken in sequence from one bud, and were all that showed clear, readily 
countable, chromosome plates. The longitudinal split of the chromosomes is 
not shown in these camera drawings, though obvious in the preparation. 
The numbers of long, medium and short chromosomes are given. In the 
twelfth pollen-grain, there was a small spherical detached chromosome, 
which was not in the metaphase plate. The figure was drawn under the 8 
mm apochromatic, with yellow-green light. 
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from a random distribution of the 8 extra chromosomes, 
except for a small deficit of cells with more than 5 extra 
chromosomes. 


TABLE III 
DISTRIBUTION OF THE LONG EXTRA CHROMOSOMES IN 52 POLLEN-GRAINS 
Extra Chromosomes 4 long 3 long 2 long 1 long 0 long 
Numbers of Pollen-grains 3 13 18 10 8 
Calculated 3 13 20 13 3 


Table III shows the frequencies of the different com- 
binations of long extra chromosomes. The proportions 
for random distribution are given by the terms of the 
binomial (1-+ 1)‘, and the fit is fairly close, there being 
however an excess of 5 cells without any long extra 
chromosomes. 


TABLE IV 
DISTRIBUTION OF THE MEDIUM EXTRA CHROMOSOMES IN 52 POLLEN-GRAINS 
Extra Chromosomes 2 medium 1 medium 0 medium 
Numbers of Pollen-grains 13 25 14 
Calculated 13 26 13 


Table IV shows the frequencies of the different num- 
bers of medium extra chromosomes. The figures fit 
closely to the chance results as calculated. 


TABLE V 
DISTRIBUTION OF THE SHORT EXTRA CHROMOSOMES IN 52 POLLEN-GRAINS 
Extra Chromosomes 2 short 1 short 0 short 
Numbers of Pollen-grains 10 20 22 
Calculated 13 26 13 


Table V gives the results for the short chromosomes, 
which show a deviation of 9 zeros in excess, or over 4 
times the probable deviation, doubtless partly for the 
reason given above. 

Hence the agreement with the results of random dis- 
tribution for all three classes of chromosomes is close, 
if we allow for necessary selection in counting slightly 
favoring the cells with the smaller numbers of chro- 
mosomes. 
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-Summary: (1) The pollen-grains of a diploid (or 
double diploid) clone of hyacinth showed two pairs of 
long V-shaped chromosomes with a median constriction ; 
one pair of shorter J-shaped chromosomes with a sub- 
terminal constriction ; and one pair of short chromosomes, 
also with a subterminal constriction. The presence of a 
number of pairs of chromosomes, the members of each 
pair being apparently identical, is characteristic of the 
pollen of tetraploid plants. 

(2) The pollen-grains of a triploid (or double triploid) 
clone of hyacinth showed a number of chromosomes 
ranging from 8 to over 14. These belonged to the same 
size classes as those of the former clone. 

(3) The extra chromosomes in the pollen of the trip- 
loid hyacinth which were in excess of the numbers in the 
pollen-grains of the diploid hyacinth, were distributed, 
collectively and in each size class, according to the laws 
of chance, after allowing for a source of slight error. 
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THE PROBLEM OF INCIDENCE IN COLOR 
BLINDNESS 


PROFESSOR C. H. DANFORTH 


DEPARTMENT OF ANATOMY, STANFORD UNIVERSITY 


Cotor blindness is the best known and most often cited 
form of sex-linked inheritance in man. Text-book state- 
ments and most special articles relating to the genetics 
of this trait tend to convey the impression that the ob- 
served distribution of cases is in complete accord with 
theoretical expectations based on the assumption that the 
heredity of color blindness in man is similar to that of 
white eye color in Drosophila. A survey of the litera- 
ture,’ however, shows that, wholly apart from questions 
of diagnosis and interpretation, some possible excep- 
tions to the rule have been reported and that the total 
amount of critical data on record is rather inadequate. 
Some, or all, of the doubtful cases may be due to incom- 
plete or inaccurate records but, however that may be, 
there is a clearly demonstrable lack of agreement between 
the number of color-blind women recorded statistically 
and the number to be expected according to the current 
theory. This invests the problem of the inheritance of 
color blindness with a new interest and should make a 
detailed study of the subject profitable from the point of 
view of both human genetics and demography. 

It may be recalled that a sex-linked trait, such as color 
blindness is presumed to be, is generally thought of as 
conditioned by a recessive gene located in the sex chro- 

1 Recent digests of the literature on the heredity of color blindness may 
be found in the papers by A. Vogt and R. Klainguti (Weitere Untersuchung 
iiber die Entstehung der Rotgriinblindheit beim Weibe, Archiv fiir Rassen- 
und Gesellschaftsbiologie, 14: 129-140, 1922), Gustav Déderlein (Uber die 
Vererbung von Farbensinnstérung, Archiv fiir Augenheilkunde, 90: 43-46, 
1922), and Ingolf Schidtz (Colour blind females: The inheritance of colour 


blindness in man, British Journal of Ophthalmology, 4: 345-359, 393-403, 
1920). 
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mosome. Consequently, every male zygote which receives 
this gene in its single sex chromosome develops the trait, 
while only such female zygotes as receive the gene in both 
sex chromosomes actually develop it. Those female zy- 
gotes which have the gene for color blindness in only one 
chromosome, and are consequently heterozygous, develop 
into women with normal vision who are nevertheless 
capable of transmitting the trait. Such women are com- 
monly designated as ‘‘conductors.’’ As a result of these 
relations it is readily seen that a color-blind man, since he 
receives his sex chromosome from his mother, must al- 
ways be the son of a woman who is either color blind ora 
conductor, and that such a woman will produce color- 
blind sons irrespective of whether or not her husband is 
color blind. The mothers of color-blind women are ge- 
netically equivalent to the mothers of color-blind men, 
but they are able to produce color-blind daughters only 
by virtue of being married to color-blind husbands—since 
a female to be color blind must receive genes for the trait 
from both of her parents. Consequently, the histories of 
color-blind females should furnish by far the most criti- 
cal data bearing on the heredity of the trait. This has 
been clearly recognized by several investigators and yet, 
despite the fact that one woman in every 250 is said to be 
color blind, the number of records which are sufficiently 
complete is not very great. 

When the prediction of the geneticist is checked against 
the figures of the statistician it is again the data on color- 
blind females that constitute the most important ma- 
terial, since it is the frequency of this class which gives 
the most delicate index of the agreement between the re- 
sults obtained by the two methods. The statistical data 
are extensive and have been collected in a number of 
countries and over many years. The results are rather 
consistent,’ whether the figures are compiled in Central 
Europe, Scandinavia or elsewhere, and generally agree in 
showing that about 4 per cent. of men and .4 per cent. of 


2Cf. Schistz, loc. cit., and also Vogt and Klainguti. 
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women are color blind. The prevailing ratio of ten color- 
blind men to one color-blind woman has often been re- 
marked upon. We may now inquire whether these are 
the proportions that should be expected in the case of a 
simple sex-linked trait. 

If we let C represent the gene for normal color vision 
and ¢ that for color blindness we find that in the popula- 
tions studied statistically there are 96 men of the genetic 
constitution C— to every 4 of the constitution e—. 
Since each male has only one or the other of these genes 
but not both, the numerical ratio between the two types 
of genes in the male germ plasm of the whole population 
is as 96 to 4. Statistics extending back for the past half 
century indicate that this ratio has been maintained 
rather constantly. Under the circumstances it is to be 
expected that the numerical ratio between the two genes 
is essentially the same in the female part of the popula- 
tion, since any change of equilibrium in one sex would be 
followed in the next generation by a corresponding 
change in the other sex.* But since the female zygote 
has two sex chromosomes there are three possible com- 
binations of C and e¢, and in the absence of selective mat- 
ing in reference to color blindness these combinations 
should have a random distribution represented by the 
algebraic square of 96 and 4 or 92.16 per cent. CC, 7.68 
per cent. Ce and .16 per cent. cc. Such a population 
would always produce 4 per cent. of color-blind males but 
only .16 per cent. of color-blind females. This is the ex- 
pectation if color blindness is due to a simple sex-linked 
trait and the statistically determined 4 per cent. of color- 
blind males is correct. Any appreciable deviation from 
it calls for an explanation. If it were assumed that the 
statistically reported .4 per cent. is correct for color-blind 
females then it might be expected that there would be 
about 6.3 per cent. of men who show color blindness, 

8 Various phases of this question as it relates to animal and plant breed- 


ing have been discussed by Jennings, Robbins, Wright, Wentworth and 
Remick in Genetics from 1916 on. 
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which is over 50 per cent. greater than the observed num- 
ber. Since color-blind men are ten times as numerous as 
color-blind women it is probable that the data for men 
is, if anything, more accurate than that for women and it 
may consequently be stated that color-blind women are 
found to be about two and a half times as frequent as the 
theory of heredity and random mating would lead one to 
expect (7.e., .40 per cent. instead of .16 per cent.). 

Apparently the only writer on the subject who has fully 
appreciated the mathematical requirements of the theory 
is Schidétz who by another method, arrives at the same 
figures as indicated above. Schidtz, however, found in a 
series of 2,200 girls and 2,005 men 20 girls and 202 men 
who had more or less defective color vision. The num- 
bers who showed typical red-green blindness were not es- 
sentially different from those observed by other stu- 
dents; nevertheless, Schidtz prefers to group all those 
with defective color vision in one class, especially since 
by doing so he arrives at the only pair of values (ap- 
proximately 10 per cent. of the males and 1 per cent. of 
the females) which should theoretically remain stable in 
a 10 to 1 ratio. He states* that ‘‘from a purely mathe- 
matical point of view such a set of values . . . should re- 
main constant for an indefinite future, and it is probable 
that it has existed for a considerable period’’ and further 
that ‘‘. ... we may be justified in drawing the conclusion 
that the values obtained by the collective statistics of 
1870-80, viz., 3.94 per cent. colour-blind men and 0.33 per 
cent. colour-blind women, may be explained through in- 
sufficient testing methods, since such relative values could 
not possibly exist in any population, still less remain sta- 
tionary. . . . On the other hand, the relative proportion 
between colour-blind men and women, as given in the old 
statistics, viz., 1:10, or a little more, allows the conclu- 
sion that colour blindness actually occurred to the same 
extent at that time that it does now.”’ 

Schiétz’s proposed solution of the problem involves 
the difficulty that the class of individuals who are to be 


4 Loc. cit., p. 358 and ff. 


No. 658] COLOR BLINDNESS 451 


counted as color blind (deuteranopes or ‘‘deuteranoma- 
lous’’) is greatly increased and that about 60 per cent. 
of subjects require a very special technique for their de- 
tection. In itself this involves no real improbability, but 
the fact that most determinations in the past have been 
based on the cruder methods of diagnosis would lead one 
to expect that geneticists would have noted either that 
various grades of color blindness are due to several cu- 
mulative factors, or that color-blind women are more 
often than not the daughters of parents who could not 
be recognized by ordinary means as other than normal. 
The former alternative is generally considered improb- 
able (Vogt and Klainguti). As to the latter, since it is 
scarcely to be expected that greater skill will be exercised 
in diagnosing the condition of the parent than of the 
child, the technique which indicates that only 0.4 instead 
of 1.0 per cent. of women are color blind should also seem 
to show that 60 per cent. of color-blind women have nor- 
mal fathers.’ Further, color-blind parents should pro- 
duce children of both sexes who could not be distin- 
guished from those with normal vision. But this is far 

5 Since among 1,000 men there should be 40 subjects who would be uni- 
versally recognized as color blind and an additional 60 who would ordi- 
narily pass as normal but whom Schiétz would put in the color-blind class, 
and among the same number of women 4 and 6 subjects in these respective 
groups, the probable frequency of expected types of marriages and the 


resulting offspring can be computed. In the following table these two 
classes of subjects are designated as color blind and ‘‘normal.’’ 


MARRIAGES PER 1,000,000 CAPABLE oF PRopUCING COLOR-BLIND DAUGHTERS 
AND THE EXPECTED DISTRIBUTION OF COLOR-BLIND AND NORMAL GIRLS 


Parental characters Frequency of Relative number of daughters 

Mother Father mating Color blind ‘¢Normal’’ 
Color blind Color blind 4X40= 160 64 96 
Color blind ‘‘Normal’’ 4X60= 240 96 144 
‘*Normal’’ Color blind 6X40= 240 96 144 
**Normal’’ ‘‘Normal’’ 6X60= 360 144 216 
Conductor Color blind 180 X40= 7200 1440 2160 
Conductor ‘‘Normal’’ 180 X 60 = 10800 2160_ 3240 

Total 4000 6000 


Of the 4,000 color-blind daughters, 2,400 (i.e., 96 + 144 + 2160), or 60 
per cent., should be expected, on the hypothesis being tested, to have normal 
fathers. 
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from what is indicated by such records as are available. 
If the theory of multiple factors were to be invoked the 
10:1 ratio would no longer hold, so until this dilemma 
can be explained the suggestion of Schiétz can not be ac- 
cepted as wholly satisfactory. 

Several other suggestions as to the cause of the dis- 
crepancy between the observed and expected number of 
color-blind women may be mentioned, although in the ab- 
sence of better data none of them can be regarded as 
more than a possibility. It may be, for example, that not 
all cases of color blindness are hereditary. If from gen- 
eration to generation about 0.26 per cent. of all men and 
an equal number of women became color blind from other 
than hereditary causes the absolute and the relative in- 
cidences would remain constant over a long period. The 
objections to this idea are essentially the same as those 
to the theory of Schiétz. Either view is easily susceptible 
of critical testing. 

Another possibility, somewhat less easily eliminated, is 
that not all hereditary color blindness is sex linked. If 
the above mentioned 0.26 per cent. of individuals had a 
distinct and non-sex-linked form of hereditary color 
blindness the conditions would be met statistically and 
would be rather difficult to analyze genetically. But even 
in this case a large percentage of color-blind women 
should be found to have normal fathers. 

The presence of a lethal factor associated with sex- 
linked traits has been suggested by Little and Gibbons.° 
A lethal factor closely linked with that for color blind- 
ness and occurring with the proper frequency (about 
0.52 per cent.) might result in the production of cases of 
color blindness with the observed distribution, but only 
for one or two generations, since a sex-linked lethal, even 
if it appeared in any appreciable frequency, would rap- 
idly run out in the absence of very frequent mutations 

6 Little, C. C., and Gibbons, M. Evidence for sex-linked lethal factors in 


man. Proceedings Society of Experimental Biology and Medicine, 18: 111- 
115. 1920-1921. 
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(about 1: 400 in this case). So it would seem that this 
possibility can not be invoked as an explanation. 

In contradistinction to the suggestions that have been 
presented, which assume either error of diagnosis or the 
presence of unanalyzed genetic factors, it may be that the 
biasing influence is of an entirely different character and 
belongs to a group that haunts some of the difficult places 
in the field of demography. In this connection the effect 
of differential marriage selection may be considered. 
That individuals of either sex are either preferred or re- 
jected on the basis of the quality of their color vision is 
highly improbable, but it is possible that some factor of 
custom or locality may be of importance. It might at 
first seem significant that in all communities there is 
for each individual a considerable group of the opposite 
sex with whom marriage is ‘‘taboo.’’ This group always 
includes sibs, and generally many others. Since color- 
blind men are the potential fathers of color-blind women 
and since the sisters and cousins of color-blind men in- 
clude a larger proportion of conductors than do women 
taken at random, the chances of a color-blind man marry- 
ing a woman who is a conductor are somewhat diminished 
below what they would be if matings were really ‘‘ran- 
dom.’’ This tends to reduce the number of color-blind 
women below what would be expected from strictly ran- 
dom mating. Under almost all circumstances the effect 
would be insignificant, and in every case it would tend to 
decrease the number of cases of color blindness in women, 
while the problem before us is to explain an excess num- 
ber of such cases. 

The alternative possibility, namely, that marriages as 
actually contracted generally involve a greater amount of 
inbreeding than would ‘‘random mating,’’ affords the 
ground for a more promising suggestion. Close inbreed- 
ing would tend to increase the number of females show- 
ing a recessive sex-linked trait since the incidence of con- 
ductors is relatively high among the near relatives of 
color blind men. With the closest form of inbreeding, the 
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incidence of color blindness in women would approach 
the incidence observed in men through the gradual elimi- 
nation of the class of heterozygotes (Cc). ‘In the male 
sex, where there is no such class, the incidence remains 
the same irrespective of types of mating. Consequently, 
if the observed incidence in the male is 4 per cent., the 
hypothetical maximum incidence in the female would also 
be 4 per cent. But if matings were wholly at random 
the incidence in the female would be .16 per cent., or if 
the absence of close inmarriage is taken into account not 
more than 3 per cent. less than this (or .155 per cent.), 
depending on the average number of children to the fam- 
ily and other incidental factors, which in the aggregate 
are insignificant. It would have been expected, therefore, 
that the number of color-blind women would fall between 
the limits 0.155 per cent. and 4.000 per cent. The ob- 
served incidence, 0.400, is in accord with this expectation 
and indicates that there must be some inbreeding over 
and above what would occur if matings were random ex- 
cept where two sibs are concerned. The range between 
0.155 and 4.000 is 3.845 and the observed .4 represents an 
elevation of about 6 per cent. of this value. This, then, 
might be taken as an index of inbreeding for the whole 
population. In other words, if the suggestion holds, the 
sex ratio in color blindness furnishes one of the simplest 
and perhaps most accurate indications of the amount of 
inbreeding in a population. 

In considering this criterion of inbreeding there is a 
subsidiary possibility to be taken into account. Large 
populations are generally divisible into small natural 
groups ultimately descended from relatively few ances- 
tors. The characteristics of such groups will depend 
primarily on the characteristics of the original germ- 
plasms from which the groups are derived, and these 
germplasms will be likely to differ from each other in 
various respects. Such a trait as color blindness might 
be present in some of the ancestral stocks, absent in 
others, so we may easily imagine a population in which 
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there are socially or geographically isolated groups, some 
characterized by a relatively high incidence of color 
blindness, o*ers by a low incidence. The occurrence of 
local groups with their own peculiar incidence of the trait 
is suggested by the often quoted statements of Cohn and 
Magnus as to the relatively high frequency of color 
blindness among the Jews of certain localities. In such 
groups the frequency of color blindness in women would 
depend on the character of the original stock and the 
amount of inbreeding occasioned by barriers of various 
sorts. If the incidence of color-blind females in any group 
is designated, in terms of per cent., as m, that for males 
in the same group should be 100 Vm, as is apparent from 
the theory of sex linkage and as Schidtz has further em- 
phasized. Consequently, the ratio of ten color-blind men 
to one color-blind woman may be significant since, as 
Schiétz rightly insists, the only population which could 
show this ratio in the presence of random mating is one 
in which 10 per cent. of the men and 1 per cent. of the 
women are color blind. But reasons have already been 
given for thinking that this is not, as Schiétz maintains, 
the condition in the population as a whole. 

If, however, we assume a population so constituted that 
on the average two of the self-limited (or ‘‘endoga- 
mous’’) groups out of five are characterized by the pres- 
ence of color blindness in 10. per cent. of their men and 
1 per cent. of their women, while in the other three groups 
color blindness is practically lacking the expectations 
based on genetics will agree with the results obtained 
statistically (since 10 per cent. of 2 is 4 per cent. of 5, and 
1 per cent. of 2 is 0.4 per cent. of 5). In other words, as 
a hypothesis, the suggestion of subordinate groups show- 
ing differential frequencies of color blindness is adequate 
to account for the observed facts. If such groups do in 
reality exist and are of any considerable size, marriages 
within them might be wholly free from what is ordinarily 
classed as consanguinity without reducing appreciably 
the relative number of color-blind females. In other 
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words, the statistical test of inbreeding suggested above 
does not differentiate between the effects of a few closely 
consanguineous marriages and a larger number that are 
not so close, it may indicate the presence of inbreeding 
but not its exact nature. Particularly interesting in this 
connection would be an adequate comparison of the fre- 
quency of color-blind women in two countries, one with 
much, the other with little intermingling of peoples, and 
especially so if it should be found that the frequency of 
color-blind men was the same in both places. 

To summarize briefly: (1) The available data do not 
suffice to show conclusively that color blindness is a sim- 
ple sex-linked trait, although they make it appear prob- 
able that such is the case; (2) the number of color-blind 
females is in excess of expectations based on the theory 
of sex-linkage and random mating; (3) several hypoth- 
eses which might account for this discrepancy are sus- 
ceptible of adequate testing through the accumulation of 
critical data; (4) if, as seems likely, the current views as 
to the genetics of color blindness prove correct, the dis- 
tribution of this and other sex-linked traits may afford 
the means of establishing a useful index of the amount of 
inbreeding within demographic units. 


DEPRESSING EFFECTS OF STRYCHNIN ON THE 
VORTICELLA AND OTHER UNICELLULAR 
FORMS 


P. F. SWINDLE AND ROSE A. KRIZ 


MARQUETTE UNIVERSITY SCHOOL OF MEDICINE 


It is definitely known that strychnin acts selectively on 
the spinal cord of the vertebrate and makes the animal 
first more and then less responsive to peripheral stimula- 
tion than it normally is. Of the many hypotheses which 
may be formed to explain the heightened irritability and 
the subsequent depression, one of the most probable ones 
seems to be that the synaptic connections in the cord are 
made first better and then worse than usual. When the 
connections are good, as in the earlier stages of poison- 
ing, the impulses arising from peripheral stimulation 
pass through the cord and reach muscles of all kinds in 
greater showers, and later, during the state of depression 
or narcosis, the synaptic connections are so poor that the 
impulses are blocked in the cord. Experimental results’ 
which seem to support this view is that some peripheral 
nerves, when excised and exposed to ether or chloroform 
vapors, first elongate slightly and then shorten, becoming 
eventually somewhat shorter than they were normally. 
If the foreign substance, strychnin, causes the nervous 
elements of the cord to change in a similar way, the syn- 
aptic connections there should be better at the time that 
the elements are elongated and poorer when the same ele- 
ments are later abnormally short. This would account 
very nicely for the initial state of hyperexcitability and 
also for the later state of depression or narcosis of the 
animal as a whole. 

To be contrasted with the system of thinking just pre- 
sented is the view of some that strychnin merely stimu- 


1 Swindle, P. F., ‘Quantum Reactions and Associations,’’ p. 298, 1922. 
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lates the motor elements, of some that it stimulates the 
sensory elements, and of some others that it stimulates 
both the motor and sensory elements of the cord. In any 
of these cases the further assumption is that the nervous 
elements which are rendered unusually irritable by the 
strychnin respond now more readily and in greater num- 
bers when impulses reach them from the periphery. Then, 
of course, the same elements must become less irritable 
later on to cause the state of narcosis. 

In view of the circuristance that it is not possible to 
actually observe synaptic changes or to observe directly 
any change in irritability of the nervous elements of the 
cord, we chose to determine the effects of strychnin on 
some single cells whose relative irritability under various 
conditions can be determined with a reasonable degree of 
certainty. If strychnin should make any of these cells, 
such as the vorticella, more responsible to external 
stimuli the theory of stimulation of the nerve cells would 
seem to be the more useful explanation for the strychnin 
effects in the vertebrate, but if strychnin should cause no 
increase in the irritability the theory of the synaptic 
change would seem to be the more probable one. 

The results of the present investigation show that 
strychnin does not render the unicellular forms more 
irritable to stimuli, and the view that strychnin can make 
a cell of the cord abnormally irritable is accordingly dis- 
credited by our results. Our data are opposed to those 
obtained by many other investigators who believed they 
found that the unicellular forms react to strychnin simi- 
larly as the higher animals do. (The probable reasons 
for the discrepancies will be pointed out from time to 
time in the body of the paper). In his review of the work 
of others in this field Poulsson’ states that the greater 
number of the descriptions concerning the reactions of 
the infusorians, ete., to strychnin show that these forms 
react to the drug in essentially the same way as higher 


2 Poulsson, E., Handbuch der Experimentellen Pharmakologie, 2. Bd., 8. 
327, 1920. 
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animals do. He reminds us that if the solution is suffi- 
ciently dilute there soon occurs a state of hyperexcitabil- 
ity and spasticity and later depression and death. 

If it is true that the unicellular forms react to strychnin 
in essentially the same way as the higher animals do, we 
should be able to so regulate the concentration of the 
drug that we can observe first a state of heightened re- 
sponsiveness to external stimuli, then spasms, then de- 
pression, and later on (if the drug is removed gradually) 
a second series of spasms. The second series of con- 
vulsions can be obtained with the frog as it excretes the 
strychnin, because it breathes to a certain extent through 
its skin and can therefore live after the strychnin has de- 
pressed the respiratory movements. The second series 
of spasms can be obtained with the dog also, if artificial 
respiration is given. 


ABSENCE OF SECOND STATE OF HYPEREXCITABILITY OF STALK 
OF VORTICELLA 


We were able to observe neither an increased respon- 
siveness of the stalk nor a spasm of any sort when the 
strychnin was removed in time for the animals to survive 
and approach their normal state of activity. The strych- 
nin was removed by washing the animals with water 
which flowed underneath the cover-glass. The water was 
applied at one edge of the cover-glass and was absorbed 
with filter paper at the opposite side. Not only were the 
reviving and revived animals less irritable to external 
stimulation, but the number of spontaneous contractions 
of the stalk was far below the normal number. We have 
not been able to learn from the literature that any of the 
earlier observers attempted to look for a second series 
of spasms. 

Since depression only and no indication of a state of 
heightened activity in the revived animals was seen, our 
observations were later limited to the effects of strychnin 
between the time of application of the drug and the death 
of the animals. An attempt was made to determine 
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whether or not there was an increase in the number of 
spontaneous contractions of the stalk and whether or 
not the animals became exceptionally irritable to exter- 
nal stimuli, such as jarring the table or the microscope. 


ABSENCE OF [nITIAL INCREASE IN IRRITABILITY OF STALK 
OF VORTICELLA 


In order to avoid mechanical stimulation, which might 
be produced by adding strychnin in solution to the water 
containing the animals, we placed erystals of strychnin 
sulphate either in the uncovered water or in the water at 
the edges of the cover-glass. The process of adding the 
crystals might disturb the animals, but this initial dis- 
turbance could not interfere with the observations be- 
cause the crystals dissolve so slowly that the first effects 
of poisoning occur long after the crystals are applied. It 
is quite different when solutions are used, because the 
poisoning occurs so quickly that the increased activity 
of the animals due to the mechanical stimulation pro- 
duced by adding the solution might be confused with 
postulated effects due to the strychnin poisoning. For 
instance, if the solution is applied at one edge of a cover- 
glass, a current of considerable duration is set up in the 
water and causes the animals to be unusually active for 
some time. It is our belief that some of the earlier ob- 
servers probably mistook the effects of this mechanical 
stimulation for an initial effect of strychnin as a poison. 

When a minute crystal of strychnin is placed carefully 
into a small volume of water containing some vorticellae 
there is no initial increase attributable to strychnin in 
the irritability of the stalk to external stimuli, and there 
is also no increase in the number of spontaneous contrac- 
tions of the stalk. The animals finally die, however, of 
strychnin poisoning. The vorticella is therefore quite 
unlike the frog or the dog with respect to its reactions to 
strychnin. In the case of*the frog, the gradual applica- 
tion of strychnin to the water causes a state of increased 
responsiveness of the animal. As more and more strych- 
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nin is added spasms eventually occur. Both the frog and 
the vorticella are poisoned when strychnin is added 
gradually to the water, but one of these animals becomes 
more irritable to external stimuli, while the other one 
suffers depression instead. 

In attempting to determine whether or not the strych- 
nin caused the vorticellae to become unusually irritable 
to such a mechanical stimulus as jarring the table or the 
microscope, one special difficulty was encountered. If a 
normal animal was jarred as frequently as once every ten 
seconds it usually ceased responding to the stimulus be- 
fore ten minutes passed. In order to determine the nor- 
mal irritability of the animal to the jarring it could have 
been stimulated a small number of times in a smaller 
number of minutes, but even in one minute there was 
frequently a decrease in the irritability when only three 
or four stimuli were presented. The fact that the un- 
poisoned animals became less irritable to the jarring is 
important. It shows that if they were stimulated for ten 
minutes or for one minute to obtain the normal state of 
irritability they were less irritable when the strychnin 
was applied. It shows, also, that if one should not obtain 
the normal and begin jarring the animal immediately 
after the drug is added, one would observe at first a much 
greater responsiveness than at a later stage of the poison- 
ing. One might then be inclined to speak of the initial in- 
crease and the following decrease in the responsivness to 
the jarring. Perhaps some of the earlier investigators 
failed to consider this special phenomenon of the grad- 
ual decrease in irritability of the animals to the stimulus 
used and accordingly reported a heightened irritability 
and then depression of the poisoned animals when there 
was depression only. The fact that animals seem to be- 
come ‘‘accustomed’’ to the form of stimulus used has 
been called ‘‘ forgetting with experience”’ by Piéron,’ and 
in an earlier work by one of us* it was considered at 
length. 


8 Piéron, H., Archives de Psychologie, No. 33, Tome IX, 1909. 
4 Swindle, P. F., ‘Quantum Reactions and Associations,’’ p. 45, 1922. 
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In order to offset, as best we could, the special difficulty 
encountered, the animal was stimulated five times per 
minute for two minutes, it was allowed to rest for fifteen 
minutes, the drug was applied to it, and it was then 
jarred at the usual rate for a period of two minutes. 
These time factors were varied considerably for the 
various animals. There was no instance in which the. 
strychnin made an animal abnormally irritable. On the 
contrary, we were able to observe in many instances that 
a stimulus which was liminal for the normal animal was 
subliminal for the same animal shortly after the strychnin 
was applied. This was also the case generally when the 
later stages of poisoning were considered. 


IncrEASE IN NuMBER OF SPONTANEOUS CONTRACTIONS OF 
1n StaGE oF Porsonrne 

It was generally the case that immediately before death 
of the animals the cells underwent a characteristic vacu- 
olation. Shortly after this vacuolation became per- 
ceptible the stalk began to contract more frequently. It 
was observed that animals which failed to contract in 
response to intense jarring as a stimulus contracted spon- 
taneously at frequent intervals between stimulations. 

In later experiments the animals were not jarred and 
only the spontaneous contractions of the stalks were 
counted. As these contractions of the stalk became more 
numerous they usually became smaller in amplitude, 
either because a portion of the stalk remained in a relaxed 
condition or because a part of it remained contracted in a 
coiled condition. In many instances, but not in all cases, 
the stalk was coiled and very short when the animal died, 
and it remained in this state of contraction. In view of 
the fact that this heightened activity occurs only after 
vacuolation commences and the animal is dying, it should 
be considered as the death struggle. Similarly, a skeletal 
muscle does some work of a special type while it is enter- 
ing into the state of rigor. It may go into rigor either 
gradually or by contracting at intervals. It may lift and 
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sustain a considerable load, and during this time the 
skeletal muscle, like the vorticella, is practically non- 
irritable to external stimuli. Similarly, also, cardiac 
muscle may fibrillate shortly before it ceases action en- 
tirely. 

It has already been mentioned that only a part of the 
stalk may contract and remain in the contracted or coiled 
state even long after the animal is dead. In many cases 
this contraction occurs in an unusual way, which was not 
observed while watching normal animals. The bell ro- 
tates slowly on its long axis and in the clockwise direction. 
As this occurs, a portion of the stalk coils and shortens. 
This passive response is therefore entirely different from 
the normal shortening of the stalk, and it should not be 
ealled an increase in activity, as has been done by some 
observers. In view of the facts that this passive ‘‘squat- 
ting’’ posture of the animal does not occur in response to 
jarring, that it occurs very slowly, that it is permanent 
and that it often occurs after the animal has ceased to 
respond in any other way, we must conclude that it is in 
no way comparable to strychnin spasms of the vertebrate. 
The stalks of some of the animals became entirely 
straight instead and remained in this condition long after 
the animals were dead, even long after the bell cytolized 
and only the stalk remained. It is significant that the 
elongated condition, as well as the described shortened 
one, can not be brought about by stimulating the animal; 
it shows that there is no connection between this behavior 
and typical strychnin spasms. 


DEPRESSION OF THE CILIA OF THE VORTICELLA 


In all cases the cilia appeared to be gradually de- 
pressed. In the final stages of the poisoning some of the 
cilia would cease to beat for a short time, while others 
continued their slow action; then the group which had 
stopped would begin and beat while others were still, and 
so on. This behavior, which was a result of depression 
and not of heightened activity of the cilia, was responsible 
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for somewhat periodic irregularities of movement of the 
bell. When we consider, however, that it was all due to 
such a state of depression of the cilia that some of them 
here and there on the bell ceased beating entirely from 
time to time and then beat feebly again after a shorter or 
longer pause, we are not justified in concluding that these 
irregularities in the behavior are in any way related to 
strychnin spasms of the vertebrate. 

Two methods were employed in making the determina- 
tion of depression of the cilia. One method consisted in 
observing the cilia directly. The cilia which vibrated so 
rapidly at first that their movements could not be fol- 
lowed with accuracy appeared to gradually slow down. 
Finally, their individual movements were easily observed. 
Of course it could not be determined definitely by this 
means whether or not there was an increase in the ciliary 
movements for a short time immediately after the drug 
was applied. The other method consisted in observing 
the rate of movement of diatoms and other small particles 
in the water in the neighborhood of the cilia. Some of 
these were driven in a circular or elliptical course by the 
cilia, and the number of rounds made in a given time by 
any one of them could be counted. Some of the bodies, 
however, moved rapidly toward the edge of the dise and 
continued to move past the edge in the same general di- 
rection, some of them in a parabola-like path until they 
were entirely outside of the water current created by the 
cilia. These bodies began moving more and more slowly 
soon after the strychnin was applied. When the cilia 
became depressed to such an extent that the individual 
movements could be observed there was very little move- 
ment of the foreign particles about the bell. 


DeEprREsSION OF OTHER UNICELLULAR ForMs 

The vorticella was considered as being a very appro- 
priate animal to observe in studying the effects of 
strychnin poisoning, because its stalk is irritable and 
contractile and because it is sedentary enough to be ob- 
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served well. Some of the non-stalked, free-swimming 
forms were comparatively poor as experimental animals 
because they were rarely quiet, for which reason it could 
not be determined with certainty that a change occurred 
in the activity in the initial stage of the poisoning. It 
was easily determined, however, that different varieties 
of the paramecium became much less active and ceased 
swimming some little time before they cytolized. It was 
evident that there was no final increase in the activity of 
the paramecium. There was likewise no final increase 
in the activity of the bell of the vorticella; the increase 
which was previously discussed was one of the stalk 
only. It was easily observed, especially in the case of 
some of the smaller ciliates, that the cilia at the different 
regions of the body were affected unequally by the 
strychnin. Some of the cilia were completely paralyzed, 
while some others were still feebly active, as was dis- 
cussed at length by one of us in an earlier paper.’ This 
depression resulted in a certain asymmetry of movement 
of the animals. 

One or two of the non-stalked, non-sedentary forms 
of the ciliate proved to be excellent experimental animals. 
One of these (Oxytricha sp.?) resembles Paramecium 
caudata to a considerable extent, but the individual is 
much smaller and it swims and comes to rest frequently. 
It may lie quietly for a few seconds and then move rap- 
idly to a new position, where it rests again, and so on. 
It might be said to jump from one place to another, but 
it really swims with its cilia. Regularly the number of 
jumps per minute were counted for ten successive min- 
utes before the strychnin was applied, and after the drug 
was added the number of jumps per minute were again 
counted until the animal cytolized. The amount of move- 
ment at each jump was also considered. For every jump 
the animal made the observer made a vertical stroke on 
paper with a pencil. If the movement was exceptionally 
great a long stroke was made, a very small movement was 


5 Kriz, R. A., This Journal, 1924, LVIII, 283. 
30 
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indicated by drawing a very short line, and the inter- 
mediate amounts of movement were indicated on the data 
sheet by drawing lines of appropriate intermediate 
lengths. The results may be summarized as follows: 

(1) The animals were poisoned and finally died when 
some small crystals of strychnin sulphate were placed 
carefully in the water, but there was no initial increase 
in activity. 

(2) A general depression was the first effect of the 
strychnin. The animals were not only less irritable to 
external stimuli, but the spontaneous movements de- 
creased in number. | 

(3) Between the time that vacuolation became easily 
perceptible and the time that cytolysis occurred, the, 
jumps were unusually frequent. But these jumps were 
not normal ones. They were short and jerky, sometimes 
carrying the animal forward a very short distance, some- 
times carrying it abruptly to the right or to the left, and 
at other times to the right or left over a spiral path. The 
nature of the responses was such that we believe the loco- 
motor organs were depressed to such an extent that the 
normal coordination of the cilia was lacking. In fact, in 
the very latest stage of poisoning, groups of cilia at vari- 
ous regions of the body were observed to beat somewhat 
periodically and independently of the others. Some of 
the cilia acted alone and carried the animal a short dis- 
tance in one direction, some others acted a little later and 
carried the body a short distance in another direction, 
and so on. This lack of coordination was due to depres- 
sion and not to stimulation of the cilia. 

(4) The poisoned animals were at all times less re- 
sponsive than usual to such a mechanical stimulus as the 
jarring of the table. This condition was more definite in 
the later than in the earlier stages of poisoning. 


SUMMARY 


(1) There is at most only a superficial resemblance be- 
tween the picture of strychnin poisoning of the unicellu- 
lar forms studied and that of the vertebrate. 
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(2) The unicellular forms are rendered less responsive 
and the vertebrate first more and then less responsive to 
external stimuli. 

(3) It was not possible to detect a state of heightened 
activity of the animals while they were reviving from the 
effects of strychnin after the drug was washed off in time 
for the animals to survive and approach their normal 
state of behavior. 

(4) There was often an increase in the number of reac- 
tions of the animals during the processes of vacuolation 
and cytolysis. These are dying struggles, which are not 
comparable to the strychnin spasms of the vertebrate. In 
the first place, they are due to depression which occurs to 
such an extent that the movements are small and uncoor- 
dinated. In the second place, the animals are not more 
but less responsive than usual to external stimulation at 
this time. 


SHORTER ARTICLES AND DISCUSSION 


THE VARIATION IN THE WIDTH OF THE ABDOMEN 
IN IMMATURE FIDDLER CRABS CONSIDERED IN 
RELATION TO ITS RELATIVE GROWTH-RATE | 


In a recent number of the AMERICAN NATURALIST, Morgan 
(1923) diseusses the variation in the abdomen-width of female 
fiddler-crabs (Uca pugnax?) with reference to the question 
whether they are so large as really to constitute variations in a 
definitive secondary sexual character, or whether they were not 
simply due to immaturity. His chief conclusions are as follows: 


. at first the abdomen is narrow in both the male and the female. . 

The abdomen is still narrow in female crabs at a time when the first pair of 
claws in the male show that secondary sexual differences have already ap- 
peared. Later a certain stage is reached when the abdomen of the young 
females becomes much wider than that of the male; but not all the crabs 
of a given size in this period attain the full width of abdomen and in one 
species a few crabs may even become sexually mature with an abdomen less 
than full width. 


I have recently been investigating this same problem from a 
somewhat different angle in the common British shore-crab 
Carcinus maenas. The results will appear shortly. The chief 
conclusions can be given very briefly, as follows: 

(1) The most satisfactory method of expressing the result is 
carapace width 
abdomen width ’ 
pace width. This enables one to see at a glance whether any 
relative change in abdomen-width is occurring as growth pro- 
gresses. If there is no such change, the graph is a vertical line. 
If this abdomen-width is increasing relatively faster than that of 
the carapace, the line will be inclined. 

(2) Using this method, it is found that in ¢ Carcinus, the 
abdomen, after some early irregularities whose meaning is not 
yet clear, settles down to a rate of growth equal to that of the 
rest of the body (as measured by linear dimensions of the cara- 
pace). Females, on the other hand, although they are at the 
start externally indistinguishable from males, show from the out- 
set of sexual differentiation (which of course occurs long before 


to plot the ratio as a percentage, against cara- 
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sexual maturity) an increase of abdomen breadth which is 
greater than that of carapace breadth. Even in the largest 
female specimens so far found, the abdomen does not cover all 
the space between the bases of the legs. Thus, this relative in- 
crease of abdomen-width can, and actually does, continue long 
after sexual maturity is reached, as a normal occurrence, and in 
fact is going on throughout post-larval life. 

(3) It is a matter of some interest that in the smallest crabs, 
from immediately after metamorphosis until the sexual differ- 
ences in abdominal appendages appear (about 2 to 5 or 6 mm 
carapace length), the relative increase of abdomen-size with re- 
gard to body-size is already apparent. 

(4) An inspection of the literature shows that there are nu- 
merous secondary sexual characters of Crustacea which behave 
in this way—e.g., the chelae of many male decapoda described by 
Kemp (1913, 1914, 1915). These continue to grow relatively 
larger and larger the bigger the animal grows, long after sexual 
maturity has been reached. Geoffrey Smith some time ago (1905) 
drew attention to what is undoubtedly a corollary of this fact 
when he pointed out that in many forms—e.g., the common stag- 
beetle (Lucanus cervus) the larger males possess the relatively 
larger ‘‘horns’’ (mandibles). With characteristic insight, he 
was not content to stop here, but went on to investigate the 
problem of the relative size of such secondary sexual characters 
in different-sized species and genera within a group. Here, 
again, he found that on the whole the larger-sized species had 
secondary sexual character which were not only absolutely but 
also relatively larger. This observation, which Smith made on 
Arthropoda, also applies to the Cervidae among the mammals, as 
a perusal of the literature has convinced me. (see especially the 
tables on ratio. of antler-weight to body-weight in Roérig 1901.) 

It appears, therefore (A) that when the secondary sexual 
characters of the two sexes of a species are distinguished by a 
quantitative difference, we shall find the difference brought about 
by a difference in relative growth-rate of the part in question 
over a considerable period of development—+.e., in one sex that 
part will grow more in unit time than does the rest of the body, 
or the same part in the other sex. 

(B) This difference in relative growth-rate may continue 
throughout life, as in the abdomen of 2 Carcinus or the chelae 
of many ¢ prawns. Or it may cease at or near sexual maturity, 
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as in the abdomen of 2 Uea, although general growth is con- 
tinued. Or it may cease because general growth ceases, as in 
higher vertebrates or in insects. 

(C) The relative size of some secondary sexual characters 
which appear suddenly, like those of insects in the imago form, 
may be determined by the relative extent to which certain 
chemical processes have proceeded during previous development ; 
and when these processes take place relatively faster than those 
leading to the growth of other parts of the body, we again find 
the secondary sexual characters relatively larger in large speci- 
mens (Stag-beetles, etc). 

(D) Because this mode of development is apparently the 
primitive and simple one for various characters, it follows that 
wherever characters are found which depend for their formation 
upon an increased relative growth-rate, whether throughout life 
or for all or most of the immature period, then we shall find such 
characters on the whole relatively more developed in larger than 
in smaller species within the same group; 1.e., the fact that such 
characters are relatively larger in the larger species is a case of 
orthogenetic evolution—the character ‘‘greater relative size of 
sexual characters’’ is not determined primarily by selection, or 
by Lamarckian means, but by the prior existence of a determin- 
ate type of growth-mechanism in the organization of the group. 

I have applied this method of calculating the relative growth- 
rate of the abdomen to the data presented by Morgan in his 
correlation table on p. 276. I. at first caleulated the ratio 
abdomen width 
carapace width’ 
classes of carapace-width given by him. 

When these results were plotted (graph not here figured), it 
was seen that some points were very aberrant, especially those de- 
rived from the classes with few individuals. Accordingly, the 
figures were reclassified into 5 classes: (1) 4-6 mm, (2) 6.5-8.5 
mm, (3) 9-10 mm, (4) 10.5-11.5 mm, and (5) 12-14 mm eara- 
pace-width, all inclusive. The mean carapace-width and mean, 


: carapace width 
maximum and minimum —ratio were then ecalcu- 


abdomen width 
lated for these classes. ’ 
The result is given in Tables I and II. 
When these figures were plotted, the graphs were very regular. 
They are reproduced in Fig. 1. The chief points that emerge are 


expressed as a percentage, for each of the 
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TABLE I 
Carapace Number of 109 (in ) 
width specimens Car :width 
mm (a) mean (b) maximum (c) minimum 
+ 2 37 37 37 
4.5 2 28 33 22 
5 9 36 40 30 
5.5 2 36 36 36 
6 5 35 42 33 
6.5 5 38 46 31 
7 10 40 43 36 
7.5 12 40 47 33 
8 14 41 50 38 
8.5 13 47 65 35 
9 27 54 67 44 
9.5 19 59 63 42 
10 52 63 75 45 
10.5 36 64 71 48 
11 46 65 73 50 
11.5 34 67 74 57 
12 57 67 75 58 
12.5 21 66 72 56 
13 23 67 69 58 
13.5 6 67 67 67 
14 7 64 64 61 


The maximum and minimum figures are those of the single individual with 
largest and smallest relative abdomen-breadth in each class. 


TABLE II 
100 X Abdomen width 
Carapace width Number of Carapace width | 
(a) inclusive (b) mean specimens (a) mean (b) maximum (c) minimum 

4-6 5.1 20 36 42 22 
6.5- 8.5 54 42 65 31 
9 -10 9.6 98 59 75 42 
10.5-11.5 11.0 116 65 74 48 
12 -14 12.4 114 67 75 56 


as follows. In the first place, the general slope of the curve for 
the mean ratio shows that relative increase of abdomen-width is 
continued throughout the whole of the period to which the mea- 
surements refer—i.e., from a carapace width of 5 to one of about 
12.5 mm. This is indicated in Morgan’s correlation table (his 
Table I) by the shape of the column of figures, which presents a 
slight concavity downwards and to the left. But this is so small 
that it would be difficult to draw any conclusion from it. The 
method of plotting the percentage ratio at once reveals what 
is happening, and also shows that the relative rate of 
growth of the abdomen appears not to be constant; it is slower 
at first, then increases to a maximum in crabs of 8 to 10 mm 
carapace breadth, and then decreases again, becoming at the end 
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almost the same as the rate of increase of the carapace. (See be- 
low for further discussion). 

So far we have been considering the average. The curves for 
the maximum and minimum abdominal ratios give us the limit- 
ing values and throw further light on the problem. (1) The slope 
of the ‘‘maximum’’ curve during the period of greatest relative 
abdomen-growth is the most nearly horizontal of the three curves 
—i.e., ‘‘maximum-abdomen”’ crabs are those with the quickest 
relative abdomen-growth. (2) However, this means that the 
abdomen reaches full relative size earlier; therefore, the ‘‘maxi- 
mum’’ curve bends sharply over before 10 mm carapace breadth, 
and then continues vertically downwards; i.e., in crabs 
with rapidly-growing abdomens, a stage is reached well 
before full body-size after which the abdomen does not grow 
faster than the rest of the body, but at the same rate as it. (3) 
The minimum curve, on the other hand, continues to show the 
same slope throughout, i.e., it comprises such crabs as have such 
a slow relative increase of abdomen-size that full abdomen-size 
is not reached by animals of the sizes obtained by Morgan. 


H 
H 
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We may sum all this up by saying: (1) That the broad ab- 
domen of female fiddler-crabs develops gradually from a condi- 
tion in which it is no broader than that of the male, by showing 
for a long period of time a growth-rate higher than that of the 
body as a whole. Pézard (1918) calls such a growth-rate 
heterogonic, and the term is one which will be found useful. 
(2) That this abnormally high growth-rate comes to an end when 
the abdomen covers all the ventral surface of the thorax between 
the bases of the legs. Such abdomens Morgan calls ‘‘ full width ;”’ 
this of course means full relative width, not full absolute width. 
After this point the abdomen grows at the same rate as the rest 
of the body. (3) That the relative abdominal growth-rate var- 
ies considerably in different individuals. 

It is this last fact which leads to the finding of different 
degrees of abdominal development in crabs of one size. However, 
since the rate of abdominal growth continues to be considerably 
greater than that of the rest of the body up to the largest crabs 
measured, in precisely those specimens which possess the smallest 
relative abdomens, it seems legitimate to suppose that ‘‘full 
width’’ abdomens are the normal end-result of development in 
all individuals. Of course, if the relative abdominal growth- 
rate is low enough, death by accident or old age may normally 
supervene before ‘‘full width’’ is attained. This, apparently, is 
what oceurs in Carinus maenas. It would be interesting to col- 
lect the largest female Uca pugnazx discoverable and see whether 
all finally attained in the normal course of things to ‘‘full 
width.’’ It is not clear from Morgan’s statements at what size 
sexual maturity normally begins, and what is the maximum size 
attained. These points should also be determined. 

One detail demands consideration—the S-shape of the curve 
for the mean ratios. From the shape of the ‘‘maximum’’ and 
‘‘minimum’’ curves, one would expect that the ‘‘mean’’ curve 
would, until it began to bend over toward the vertical, be a 
straight line of slope intermediate between the other two. The 
kink observed may be (1) an expression of a real change in rela- 
tive growth-rate at that particular size or (2) at a particular 
season, or (3) it may have something to do with the fact that the 
crabs, as Morgan states on his p. 275, were collected from two 
quite remote localities. Further measurements based on uniform 
material and on considerably larger numbers for the smaller- 
sized crabs would probably solve the problem. 
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Morgan (1923, p. 274) quotes the general conclusion reached 
in his previous paper (1920). He says, ‘‘These crabs [the 2 ? 
with abnormally small abdomen] showed an apparent change to- 
wards maleness, or possibly a retention of the juvenile condi- 
tion.’’ On p. 275, he sums up his later paper by saying that 
‘‘they therefore represent, as I supposed, a variation in a 
secondary sexual character’’—meaning by this, I take it, what 
he previously referred to as a variation of the female in the 
direction of the male type. 

I think it will be clear that the method of analysis adopted in 
the present paper shows that this involves a much too static way 
of looking at the problem. I take it that the abdomen of male 
fiddler crabs, like that of Careinus, will be found to have the 
same rate of growth as the rest of the body. Even the females 
with minimum relative size of abdomen, however, show the chief 
female characteristic in respect of this character, viz., a growth- 
rate of abdomen greater than that of the rest of the body; the 
relative abdominal growth-rate is merely slower than in other 
females. Thus Morgan’s statement (p. 283) that ‘‘there is much 
variation in the extent of the change’’ (from narrow to broad 
abdomen in 2 9, merely needs rewriting with rate substituted 
for extent). 

This implies, it is true, a slight quantitative variation in the 
direction of the male, but qualitatively all such animals remain 
typically female. They display the typical 2 mode of ab- 
dominal development, of which the normal male shows no trace 
—the one is heterogonic, the other isogonie. 

In a similar way, Pézard (1918) has shown that the comb of 
normal é fowls is heterogonice—grows at a much greater rate 
than the rest of the body; while that of capons grows at the same 
rate. Or again, the limbs of thyroidectomized tadpoles grow 
certainly no faster than the rest of the body, whereas those of 
normal tadpoles grow faster. Here, further, we are introduced 
to more detail, for within certain limits greater concentration of 
thyroid hormone in the body causes more rapid relative growth 
of limbs; and also the considerable differences in length of time 
(under comparable conditions) taken by different individuals of 
the same species, and by different species of the group, to reach 
the time of metamorphosis undoubtedly depend on variations in 
the relative growth-rate of the thyroid—more accurately, on the 
rapidity of the processes leading to the production of thyroxin 
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considered in relation to the processes of general body-growth of 
the tadpole. Such variations in the time of metamorphosis 
among the individuals of a species are strictly comparable from 
the point of view of developmental physiology with the vari- 
ations observed by Morgan in the breadth of his crabs’ abdomens, 
since both depend upon variations in the relative rate of two con- 
nected processes of development. 


SUMMARY 


By re-plotting Morgan’s data on the growth of the abdomen in 
female fiddler crabs, it is shown that the differences in abdominal 
development which he regards as implying variations toward the 
male type, in reality represent only a slower relative abdominal 
growth-rate. The abdominal growth-rate of females is always 
heterogonic (Pézard) while that of males, if we may judge from 
other species, is isogonic. 

‘The best method of detecting and analyzing heterogonic 
growth-rate is by plotting the percentage size of the part in ques- 
tion against the absolute size of some dimension of the whole 
body. 

The bearing of the existence of heterogonie growth-rate upon 
certain general problems is briefly touched upon. 


JULIAN S. HuXLEY 
NEw COLLEGE, OXFORD, 
AvueustT, 1923. 
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TRIHYBRID BLOCKS 


A PEDAGOGICAL device for visualizing the possible combinations 
in the F, generation of a trihybrid may be made with sixty-four 
similar cubical wooden blocks, preferably one inch in each di- 
mension. 

Three arbitrary symbols, squares, circles and triangles, that 
may represent any actual characters as desired, are painted on 
the different faces of the cubes, the opposite faces in every in- 
stance being alike. 

On each face the symbols appear double, one partially over- 
lapping the other, to represent the zygotes formed from two pa- 
rental gametes. When the two symbols on any face are filled in 
solid black they represent the duplex or dominant homozygote. 
The corresponding nulliplex, or homozygous recessive, is repre- 
sented by the overlapping symbols drawn in outline, while the 
simplex (hybrid) heterozygote is shown by the symbol in outline 
overlapped by the symbol filled in solid. 

For example, in the case of circles the symbols would appear 
as below: 


Duplex Simplex Nulliplex 
How to make each face of each of the sixty-four trihybrid 
cubes can be determined from the appended checkerboard of a 
theoretical trihybrid. In this the symbols to be painted on the 
blocks correspond to the letters as follows: 


C = solid circle. ¢ = outline circle. 
T = solid triangle. t = outline triangle. 
S = solid square. = outline square. 


Since opposite faces of each cube are alike, any angle at which 
a block is viewed so as to show three faces will read like the three 
faces seen from any other possible angle. In the checkerboard 
the upper left hand block represents a triple homozygous domi- 
nant and the lower right hand a triple homozygous recessive. If 
two individuals represented by these symbols are crossed the off- 
spring, as we know, will be heterozygous or hybrid for each of 
the three characters in question. When two such trihybrids are 
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CTS Cts CTs Cts eTS etS eTs ets 
cc CC CC cc Ce Ce Ce Ce 
CTS TT Tt TT Tt TT Tt €F gy 
Ss Ss Ss Ss SS ss Ss Ss 
“cc | cc | cc | cc | Ce Ce Ce Ce 
Cts tT tt tT tt tT tt a tt 
SS Ss Ss Ss SS SS Ss Ss 
cc | cc cc | cc | Ce Ce | Ce Ce 
CTs TT Tt TT Tt TT Tt ye | Tt 
sS sS ss ss sS sS ss ss 
“oc | cco | co | co | Ce Ce Ce Ce 
Cts tT tt tT tt tT tt tF tt 
sS sS ss ss sS sS ss ss 
eC | eC | eC eC ee ee | ee ee 
eTS TT Tt TT Tt TT Tt | TF Tt 
ss ss Ss Ss ss ss Ss Ss 
eC eC eC eC ee ce ce ee 
etS tT tt tT tt tT tt | tF tt 
Ss SS Ss Ss Ss Ss | Ss sS 
eC eC eC eC ee "ee | ce ee 
cTs TT Tt TT Tt TT Tt Tr Tt 
sS sS 8s ss sS sS | ss ss 
eC eC eC eC ee ee | ee ce 
ets tT tt tT tt tT tt tF tt 
sS sS ss ss sS sS ss ss 


crossed, making the F,, generation, the sixty-four possible com- 
binations resulting are shown by the sixty-four cubes. 

Various other things may be illustrated by these blocks. For 
instance, they may be stacked so as to show that a trihybrid is 
simply three monohybrids combined. 

To do this first spread the blocks on a table with one set of 
symbols face up—-for example, the squares. Then assort them 
into four groups of sixteen each representing the F,, generation 
of a monohybrid. One group will be entirely made up of double 
black squares (dominant homozygotes); two groups will each 
show one black square overlapping an outline square (dominant 
heterozygotes) and the fourth group will be double outline 
squares (recessive homozygotes). 

Regarding the groups as units the typical Mendelian propor- 
tion of 1:2:1 for a monohybrid is thus graphically demon- 
strated. Each of these four groups of sixteen may now be ar- 
ranged in turn, leaving the squares up, in four rows of four each 
so that they likewise read by rows 1: 2:1, in one direction for 
circles and in the other for triangles. The four groups of six- 
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teen each may next be superimposed to form a cube containing 
all the sixty-four blocks, reading independently in any plane as 
Mendelian monohybrids. Likewise any four blocks that are now 
side by side when taken out from the eube of sixty-four will read 
1: 2:1 like a monohybrid. Thus the fact that a trihybrid is 
made up of three independent monohybrids may be demon- 
strated. 

It will be found that the eight blocks in the center of the stack 
are all alike, being hybrid for each of the three characters used. 

Second, the Mendelian explanation of apparent blending in- 
heritance by means of duplicate genes may also be shown by re- 
arranging the blocks. To do this each solid filled-in symbol, 
regardless of its shape, should be regarded as a duplicate gene 
of the character in question. The blocks may now be lined up 
according to the number of duplicate genes which each presents, 
that is, the number of solid symbols showing on any three con- 
tinuous faces (the opposite faces being alike). 

There are seven possible lines in this classification from 0 to 
six inclusive and these will be found to form a regular variabil- 
ity curve as follows: 


Number of blocks 1 6 15 20 15 6 1 
Number of duplicate genes 0 1 2 3 4 


These sixty-four blocks represent the F, offspring from two un- 
like grandparents, one with six duplicate genes of the character 
in question and one with 0 genes. The F, hybrids have three 
0+6 
the F,, generation are likewise intermediate blends with three 
duplicate genes like their parents, while thirty others are nearly 
like the parents, having either two or four duplicate genes in- 
stead of three. 

This large number of F, offspring blending the grandparental 
characters like the parents has given rise to the impression that 
all the F, generation blends. 

The arrangement of the blocks, however, as well as a careful 
analysis of actual results of experimental breeding reveal the 
variability curve in the F, generation which indicates that sup- 
posed cases of blending inheritance may receive a satisfactory ex- 
planation upon a strictly Mendelian basis. 


genes or a blend ( =3)and twenty out of sixty-four of 


H. E. WATER 
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‘OPISTHOTONIC DEATH IN A SALAMANDER?! 


SoME time ago attention was directed by R. L. Moodie? to the 
fact that in fossil vertebrates the skeletal remains are sometimes 
so disposed as to suggest the possibility of death due to or occur- 
ring in connection with diseased states resulting in opisthotonie 
distortion. Dean objected to such interpretation, on the ground 
that among lower vertebrates opisthotonic death has seldom (if 
ever) been recorded. An ‘‘accidental experiment’’ involving a 
diseased salamander has given me a chance result which seems 
worth noting in connection with this interesting discussion. 

About 60 salamanders, obtained a few hours before, were 
placed by the collector in a small aquarium with about two inches 
of water, and through accident were not properly tended, so that 
on the next morning they were found dead by suffocation in the 
foul-smelling medium which by that time had resulted. The 
animals were for the most part Plethodon glutinosus and P. 
erythronotus, with a few Spelerpes ruber. One P. glutinosus 
had been noted in the field as showing an extensive loss of skin 
over the anterior portion of the body. The appearance was such 
as to suggest the effect of a skin disease. This individual had 
been quite sluggish and by comparison with its fellows was re- 
garded as ‘‘sick.’’ This individual was among those found 
dead. Its condition made it strikingly conspicuous among the 
several dozen others, for it was in pronounced opisthotonie eurva- 
ture. This attitude was in ‘no degree suggested by the posture 
of any of its companions, which were quite straight and with the 
limbs at random angles. The diseased animal, together with a 
number of the others, was preserved in alcohol. 

Photographs of the opisthotonie individual are shown in Fig- 
ure 1. The area denuded of skin is clearly visible. The dorsal 
curvature of the head and tail is marked, as also the rigid ex- 
tension of the limbs and digits. For comparison views are also 
given (Figure 1) of the most nearly ‘‘opisthotonic’’ of the 
numerous now-diseased individuals. All were in rigor, resting 
on the bottom of the aquarium, when preserved. 


1From the Zoological Laboratory, Rutgers University. 

2 AMERICAN NATURALIST, Vol. 52, pp. 384-394, 1918; Science, N. S., Vol. 
50, pp. 275, 276, 1919. See also ‘‘Paleopathology,’’ Univ. Ill. Press, 1923, 
. p. 567 [Chapt. X]. 

3 Science, N. 8., Vol. 49, p. 357, 1919. 
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Fic. 1. Above, lateral views of opisthotonic diseased salamander with 
eroded skin area, and of a normal specimen dead under same conditions. 
Below, dorso-lateral views of the same, at greater enlargement. Photo- 
graphs by Dr. L. A. Hausman. 


It is not unreasonable to regard this finding of opisthotonic 
distortion in a diseased salamander, under fatal conditions which 
failed to elicit such phenomena in a good number of its normal 
companions (of the same and of other species) as perhaps sig- 
nificant for the question which Moodie has raised.? More recently 
I have observed pronounced opisthotonie posture in a few (but 
not in all) individuals of the horned toad Phrynosoma cornutum 
which had died in a terrarium. 

W. J. Crozier 
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